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PREFACE 


D uring the past few years several good books have appeared dealing 
with reproduction in general and with certain phases of it in partic- 
ular, The approach has been that of the physiologist who wishes to synthe- 
size; the books have dealt with functions and with the relations of functions 
to struciurcH. With the advance in knowledge it has become apparent that 
reprpcjuclivc plienomena, while depending upon similar basic principles 
in all spccicsj ill togerher in diverse waiys to produce the very varied patterns 
which consiiiutc species dilfcrcnces. Rexent work has tended to emphasize 
the imporuiiice of the quantitative aspects of reproduction. In our laboratory 
we have found that this method of approach has given us the explanation 
of several peculiarities in the CvStraus cycle of the cd\v, and it has enabled 
us 10 make certain generalizations upon hormone thresholds and repro- 
ductive patierns that are useful. Accordingly^ it seemed to me that a bene- 
ficial purpose would be served if the available information on mammalian 
reproduction were brought together, species by species, with particular 
stress, wfierever possible, on the quantitative aspects. I hope that this 
compilation wall help lay the foundations of a physiological zoology of 
reproduction, so well begun by Dr. F. H. A. Marshall. The work involved 
has been heavy, but when I broached the subject to Dr, Carl Hartman his 
reaction was so encouraging that I undertook it; I could hardly do other- 
wise with his own example in the field to inspire me. 

I have attempted to pick out the most important w^ork for each species— that 
wdiich would give some idea of the species’ quantitative reactions — and to pre- 
sent the hisUilogical and physiological foundations upon wdiich further prog- 
ress in the subject may he built. The information available has been pieced 
together in as logical an order as possible, wdth occasional comment in the 
nature of comparisons or notations of inconsistencies in the data. I have 
indicated in places, especially in the introductions to each Order, certain 
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gaps in our knowledge, as suggestions to those who may have cipptjrtunities 
to carry on the work. Other problems wdll naturally .suggest themsdvc.s if 
the abundance of knowledge regarding one .species be cijmp.ircd wiin its 
dearth in another. I should like to point out here the conip.iralivc neglect 
from which the American fauna has .suffered and to sugge.st ih.ir tho is a 
field which might profitably be explored to the benclit of .scieticc at’ai ol the 
practical man, be he conservationist, pest controller, or ttnitn.d breeder. 

The literature is vast and widely scattered. I cannot fail to have tnadc 
errors, but I hope that the sins of omission are more freejuent tliaii tIio.se 
of commission; the former do less harm in a work of this sort and can lie 
more easily rectified. I trust that the book will be found suilieiemly useful 
to warrant keeping it up to date. Accordingly, I shall be grateful if rcaJtrr, 
will draw my attention to papers containing material which .slujuld have 
been included. Most of the papers cited were read by me, but unless those 
in an unfamiliar language, e.g., Russian, were accompanied by an vil)str..ict 
in English, French, or German, this was impossible. In these ca.'es I have 
relied entirely upon the information given in abstract jounwls. It is a 
pleasure to acknowledge the extensive u.se made of Aniinal Ihreiiin;^ 
Abstracts and Biological Abstracts. Dr. J. dc Alba has helped me uitii the 
Spanish literature. 

Others to whom grateful acknowledgments are ilue .follow: Dr. ,S. If. 
Smith has read the section on Carnivora and Dr. S. L. Ltonard (hat on 
Rodentia, and both have made useful suggestions. Dr. R. K. Ihulers has 
kindly given me access to hi.s data on embryo counts in Central Atnerie.m 
species and has permitted me to use them. Miss Judith Churebiil has hCped 
in many ways, her critical ability having helped clear up several t,h.scure 
passages in the first draft. Mrs. V. McCloskey has also put in many hours 
of careful work. Miss C. Sturtevant has undertaken the difficult task of 
editing the manuscript. Dr. Carl Hartman has read the entire manuscri]it 
and has made many valuable suggestions. 

In picking out my references I have made no attempt to settle questions 
of priority; my choice has always been dictated by circumsiances of com- 
pleteness, seeming reliability, or of availability. All who have worked in 
the field are, in a sense, coauthors, and share rcspon.sibi]ity for the book. 

It has not been easy for me to pick my wmy among the pitfalls of y.txdogical 
nomenclature, and, doubtless, this part is open to a good deal (;f criticism. 
I have tried to adhere to the best of modern methods of cla.s.sificatt(iii and to 
avoid duplication of species by bringing accounts given under various 
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specific names together into one fold. Unless there was physiological reason 
to do otherwise, subspecies were referred to only under the specific names. 
In several cases of doubt I have referred the matter of nomenclature to 
Dr. G. H. Tale of the American Museum of Natural History, and I am 
indebted to him for his help. 

Many statistical data have been brought together and recalculated, and 
I have taken considerable trouble to indicate the degree o£ variability of 
such data. The probable error has been used throughout, together with 
the range ’within which about So per cent of the material falls. The mode, 
also, has beeti reported wherever possible, since the practical man is mainly 
interested in what happens most frequently and in the range within which the 
majority of observations may be expected to fall. Averages are useful for 
comparing species but not for use within a species. The counts of the num- 
ber of young in most wild rodents are embryo counts. 

When the amount of information relating to a species is insufficient for 
a separate article, the data have been given in tabular form. These tables 
come immediately after the articles relating to oilier members of the same 
family. 

S. A. ASDELL 

Ithaca, New Yo/7( 
fan if ary, u)^}6 
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PART I 


THE SCAFFOLDING 




INTRODUCTION 


T he purpose d£ this chapter is not to give a detailed account o£ the 
physiology of reproduction but to give a summary which will help in 
understanding the information accumulated for each species of mammals. 
The patterns of reproduction, particularly of the estrous cycle, are many and 
varied. These variations have several causes. One lies in the variability of 
the output of sex hormones, including both the pituitary and gonadic hor- 
mones. This variability is shown in differences in the amounts produced 
and in the times at which the hormones are secreted. Another cause is ex- 
pressed in the variation in threshold doses required to bring about changes 
in the “larged' organs and in the differing sensitivity of the various tissues 
of the reproductive tract. A factor which has been appreciated all too little, 
but which is of great importance, is the influence of the central nervous 
system upon the output and action of sex hormones, particularly upon those 
of the pituitary gland. This is manifested in many way^s, and, as knowledge 
accumulates, its far-reaching significance becomes more apparent. Environ- 
mental factors find their expression partly through the influence of nutrition 
and partly through that of light, CsSpecially, in the latter case, through changes 
in the amount of light to which an animal is exposed. The effects of tempera- 
ture, surprisingly, appear to be small 
We believe that the prospects for progress in our knowledge of this field 
depend largely upon the development of these quantitative aspects of the 
subject. Our work has led us to believe that the output of the pituitary gland 
is related not only to the intensity of activity shown by the organs affected 
by its hormones, but also to the duration of hormonal action, and that these 
facts, together with the organ thresholds, explain many of the peculiarities 
inherent in a species. Thus, one of the main purposes of this book is to 
bring together the most significant and reliable quantitative data in order 
that a foundation may be laid for advances in this part of the field. As pure 
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hormones become available in sufficient amount-s uc may cciniidcmly c.vpcct 
that these quantitative factors will be more fully csplorctl. On the other hand 
assays of circulating and excreted hormones in she normal asiim;’.] as e lieetlcd. 
At present this part of the field is in a state o! mucji i'onins;fjn uue !“ a lark 
of agreement upon assay methods. Great help could he rendered hy an an- 
thoritative W'ork upon assay methods, by agreement upon thetr isse. and iry 
the adoption of standard methods of cxpressisig l•c.sult^. .\! present !.',i 
kinds of units are in use, and their interrelations arc ahogcliier ton vague. 
The results of biological tests vary with the species used, and wiih the strain 
when one species is employed. If, as seems almo.st inevii.ahle, uni hern .strtiitis 
cannot be adopted for assay.s, the strain employed .shrat'd he .slated: arid fitc 
relationship of assays upon that strain to those made upoti a standard strain 
should be known. These suggestions seem obvious, but in n-e.dirig th.rough 
the mass of literature in which hormone effects have been given the writer 
has been appalled at the enormous amount he has been cnmpellerl to reiecl 
because he was unable to interpret the results in even ai^pn ixituate ctuantita- 
tive terms. 

SEX DETERMINATION AND DIFMiRhiNT! ATION 

Sex is determined by the genes carried in the ehrotnusonvc'-'. In mammals 
the male is heterozygous, having but one. X chromo.souie, and tin female is 
homozygous, with two. This implies ilia.t sperm. Uu/.oa ttre of 'wo kinds, 
the X-bearer which will give rise to a female, ;tnd the V-hearer wliicli will 
give rise to a male. As these may be expected to he produced iti esjuai nttm* 
bers, the sex ratio at conception should be equality. This themetical ratit.' 
is called the primary sex ratio, that at birth is the secondary sex ratio, and 
that at puberty is the tertiary ratio. The secondttry se.x ratio is rarely 50 per 
cent males; usually it is a little higher on the male sid.c. As lire .sex ratio 
of abortions and of embryos is, in most .species inve.siigatcd, still more in- 
clined toward the male .side, .sex ratio curves extrapolated to conceptkui give 
a primary ratio in the neighborhood of 60 per cent mules. This holtls for pigs 
and man, hut possibly is not .so for the mouse. In all .sucli work the assump- 
tion is made that the higher male mortality coiuinties itt ilte inicrv.i! bet ween 
fertilization and the time when the sex ctni be accuraicly diagnosed. Various 
attempts have been made to show that the Y-hearing spermatozoon is .smaller 
than the X-bearer and so may be expected to travel to the egg faster. I'licse 
have failed. If the two kinds of spermatozoa do have cliiTcrent rtttcs of travel, 
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a high rutir> (4^ males may be expected when the spermatozoa are introduced 
into the icinale tract latCj so that only a few reach the eggs before they are 
no longer capable of being fertilized. This is not the case according to the 
somewhat scanty data available. The higher mortality of males in utero 
has been ascribed to the possible effects of sex-linked lethal factors. The 
whfde qucsticai xs in an unsatisfactory stale and needs further investigation. 
In pigs siiinc inlVa-maiion might be gleaned by a study of the sex ratio of 
the ernbryrjs in relaiioii to their age and to the percentage of egg wastage 
which has already occurred This study would require a fairly large body 
of dataj hut it could be carried out at a large packing house without much 
difficulty. 

Attempts to modify the sex ratio by sorting out the two types of sperma- 
tozoa, using cdemical or physical methods such as acid or alkaline media, 
magnetic fields, or centrifugation, have either failed or have yielded incon- 
clusive resuils. A sex-linked lethal gene is known in horses which reduces 
the num!>er colts iH'nm to female ‘"carriers” by half. The sex ratio of 
Kybrkls forms :i special ca.se, which is included in Haldane’s rule: "‘When 
in the F| iilTspring of two different animal races one sex is absent, rare, or 
sterile, that sex is the htieruzygous sex.” Mammalian data amply confirm 
the riiie. 

There is a large, gaj) in imr knowledge of what happens between sex deter- 
minatkiii at ferlilizalifui arn! the first recognizable signs of sex differentiation. 
The gonads arc rcpr<‘sentcd at an early stage in embryonic development by 
two ridgCsS on either side of the dorsal wall of the abdomen. In a prospective 
male one ingrcnvih of sex cords is produced as certain large cells derived from 
the yolk sac make their way into these germinal ridges. In prospective females 
the first ingrowth degenerates and is followed by a second which persists. 
Older workers held the view that these yolk sac cells were the precursors 
of the germ cells in the adult, but more recent views suggest that, especially 
in females, frequent renewal of the supply of germ cells is made from the 
germinal epithelium cc^vering the gonad. However, it seems to be established 
that the male receives only the one ingrowth of the sex cords, and that the 
female receives two. 

The ejuestion whether the somatic tissues are predetermined as to their 
sex or whether they arc bivalent is not settled. There is bivalence in the sense 
that each embryo <lcvelaps twx> sets of ducts: the Mullerian ducts, which give 
rise to the female iruernai accessory organs, and the Wolffian ducts, which 
give rise to those of tlic male. The external genitalia arise from the urogenital 
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sinus, which nia.y undergo coiiipErativcly little dhlcrcniiiitum, except in* 
temally, to produce the female external organs, or a gcjod cka,l, to produce 
the male organs, 

/At p resent ther e is__ no^^embryplogical evidence in niamnials that a male 
"^gonad can reverse to the female type, but such a change appears ti) be pos- 
sibie^in the "chicken. As the male gonad arises from the ingrowtli of one 
**set oTseFcordsTi^is logical to conclude that true hcrraaplirocliics (in whidi 
gonads of both sexes are present, either separate or mixed) anal sex reversals 
cannot occur in genetic males but only in genetic feoiaies, wiiere llie first 
ingrowth may occasionally persist. If this view is correct, many ot liic so- 
called pseudohermaphrodites (in which the gonads are one sex and the ac- 
cessory organs are mixed) are sex reversals. Eviderxce that this is sc^nictimes 
so is contained in the sex ratio. The goat produces large numbers iA this type 
of abnormality, and the sex ratio of strains producing them has a deficiency 
of females which may be rectified, at least in part, it the pseudolicnnaphn)- 
dites are regarded as genetic females. The sex ratio in canle twins rdso 
becniaes^ normal only if the freemartin is regarded as a iVriude, Fraamiuns 
are appareruly sex reversals, andjhcir gonatls are nearly always rudiincntarv 
testes. It is also significant that pscudohermaphrodites in which tlic guruaial 
tissue is ovarian are exceedingly rare. Some degree of persistence nf thx 
primary cords without degeneration of the secondary conls (true iH/rmaphiTc 
dites), or with it (pscudohermaplirodites), is needed. Data otii the kcx ratii> 
of families of pigs in which pseuduhcrmapliroditism is funyuem arc too 
scanty for conclusions to be drawn. 

It must be pointed out that pseudohermaphrodites in man tin lira in imo 
this scheme. Witschi has summarized information on die sex ratii) in families 
in which the pseiidohermaphroditic condition is hereditary and ircc]iicnt!y 
occurs. Pseiidohermaphrodites are evidently genetic males. This is borne 
out by the work of Severinghaus who investigated the chromosome complex 
in one such case and 'found both X and Y diromosomes, Ciiroriiosonial 
studies have not been made in the other cases cited. As some strains of gams 
produce many pseudoherrnaphrodites, the condition appanmtly being in- 
herited as a simple recessive, its cytology and embryology could he worked 
out in this species fairly easily. 

There is some indication that iotersexuality arises m the ofTspring iA fertile 
species hybrids, and it may thus be due to a disharinony in the c|u;tntitive 
factors which determine sex similar to that found by Goklschmidt in Lym- 
nantria, the gypsy moth. This has been found in the second general iim of 
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hybrids between two species of guinea pigSj Cavia porcellus x C, aperea. 
Most interscxes have been found in goats, pigs, and man, all of which as 
\ve know them at present may have originated in crosses of an interspecific 
order. In man the opportunity may have been somewhat remote, perhaps 
when Cro-Magnon and Neanderthal man existed. The question deserves 
further experimental investigation. 

The freemartin needs comment. It occurs in cattle as a female cotwin to a 
bull calf. According to Lillie’s view the condition is caused by anastomosis 
of the chorionic circulation early in embryonic life. This leads to the cross 
circulation of hormones from the developing gonad of the male and the 
suppression of growth of the secondary sex cords in the female. The resulting 
gonad somewhat resembles a testis, tvhile the accessory organs, poorly de- 
veloped, are mixed. Moore has critically reviewed the problem in the light 
of experimental sex transformation, in which, so far, it has not been found 
possible to produce the freemartin condition. Most of this work has been 
done on the rat and guinea pig. He also points out that similar anastomoses 
occur in pigs, in which a '‘partial” freemartin condition has been described 
(Hughes), and in cats, marmosets, and Dasyptis vtllostis, in all of which 
it appears to be absent. It may be significant that the cow has the lowest 
known threshold of sex hormone activity; that the pig, in wdiich the free- 
martin condition is only partial, has a higher threshold; and that there is 
evidence that the threshold in the cat is higher still. Accordingly, the ability 
to develop freemartins may be a question of the threshold which has to be 
exceeded before such action becomes possible. However, Moore doubts 
whether the embryonic gonad is capable of secreting any hormone at all 
at the time of the transformation. 

The view that the soma is bipotential implies that circulating hormones 
can produce their effects wherever tissue is present %vhich is capable of re- 
sponding. The latter reservation is made because in normal development 
the Mullerian ducts respond, in the main, only to female hormones and the 
Wolffian ducts to male hormones. Action upon one set of ducts is accom- 
panied by degeneration of the other set. Both kinds of ducts are present in 
the normal embryo of either sex. As a result it would appear that gynandro- 
morphism (in mammals, the presence of a gonad and accessories of one sex 
on one side of the body and of those of the other sex on the other side) is 
theoretically impossible. However, such cases are known. The presence of 
both types of gonad should be followed by the development of both Mullerian 
and Wolffian ducts. One wonders what has become of the duct of the sex 
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opposite to the gonad on each side. An analogy is fecund in the norinnl bird, 
in. which the oviduct does not develop on the side f,lie iinniunctional gonad, 
The condition is unexplained, but it may he significamt that all cases of the 
kind which have been found so far are in rodents, one each in Af/f ^ 

Microtiis pennsylt/aniciis, and Cavta porccllus. A sitnilar distriimurai oi the 
gonads has been found in Bos timnfs and in Sas scrofa, in tvceiit}* cases alt«> 
gether, but the accessory organs, except in one doubtful imaance, du not 
conform to the gynandromorphic pattern. Is the ier:i!cncy toward gynan- 
dromorphism one which has disappeared as the evolininii oi tlie rcpnnluctive 
tract has progressed? 

The presence of testis tissue, either alone or as an ovotestis, lends ro sup- 
press the development of the oviduct, i.e., the top c^f die ]vfu!lcri:in d.uct, on the 
same side. Male accessories, i.e., the Wulflian duct, devek^p normally witli 
an ovotestis on the same side, but if an ovary alone is present they sullcr. In 
other words, the Mullerian duct siifTcrs if the testis is near it evcfi thcaigh 
it is supported by an ovary, but the Wolliian duct dues not siidcr from the 
ovary if a nearby testis supports it. Clearly there is a. !uc;il inllucficc which 
modifies development. It may be due to the earlier (levdnpnieiu the testis. 
At one time the writer believed that this conaliiion was pectiliar to the 
Artiodactyla; now, however, he is not so sure, since cases in rrKltjnis may be 
interpreted similarly. In man the presence of bndi kinds of gonar! in r^ne 
individual usually causes the simple uicriis lo become 

Apparent change of sex, caused by the circuladon of suliieicnf ijuainifics of 
the gonadic hormone of the opposite sex, ficcasion.illy happens after pulieny. 
At this time the accessory organs are well estahlistwcl, an<l t!ic sinicturcs 
that can respond are few. In the female the best indicator is llic clitoris, 
which enlarges under the influence of androgens. A cluingc of this nature 
which may be regarded as “essentiaF* is found in the European mole. In the 
nonbreeding season the clitoris grows, and a mass of tissue above the ovary, 
resembling interstitial cells, enlarges. The clitoris of the guinea pig respfmds 
readily, under experimental conditions, when large amounts of estrogens 
are injected, or when gonadotrophes cause lutciaization of iIk! theca interna, 
a result which could hardly have been cxpcctcik In man .s.imilar changes arc 
associated with tumors of the adrenal cortex and with certain (ar- 

rhenoblastomata) of the ovary, Tlie corresponding change in males is nut 
so easy to detect. Perhaps human gynccomaslics and milk-secreting male 
goats fall into this class. 



INTRODUCTION 


9 


PUBERTY AND SEXUAL MATURITY 

At birth in some species, e.g., the guinea pig and man, the female tubular 
genitalia are in an active condition. Cornification of the vaginal epithelium 
or uterine bleeding may occur according to the species. The effect is transient 
and is believed to be due to the passage of hormones across the placenta from 
the mother. The condition has also been produced experimentally in some 
species, but not in others; and Courrier believes that it is only possible in 
species in which development is sufficiently far advanced at the time of 
birth. Thus, it has not been observed experimentally in rats and mice but 
can be made to occur in cats. 

During the interval between birth and puberty the accessory organs re- 
spond to estrogens or to androgens, but the response of the gonads to gonado- 
trophes is variable. It is difficult to observe effects in the testes, so most work 
has been upon the ovaries, in which positive effects ate more apparent. Species 
variations exist and are clue to the stage of development cjf the ovary at the 
time of the experiment. In general, it seems that gonadotrophes do not hasten 
the development of female germ cells but do speed up their maturation. Thus, 
graafian follicles in a fairly advanced stage, possibly to antrum formation, 
are necessary before gonadotrophes can be effective. This aspect of the prob- 
lem needs more work, and it is of practical importance as it may determine 
the value of gonadotrophic hormone injections during anestrum. 

It is generally agreed that the attainment of puberty depends upon the 
release of gonadotrophes from the anterior pituitary since the injection of 
these substances causes it to occur prematurely. Also, infantile ovaries im- 
planted in mature females rapidly mature, while mature ovaries implanted 
in immature females retrogress. Assays of the anterior pituitary reveal the 
presence of gonadotrophes well before the advent of puberty, but it is not 
clear whether the threshold is too high for a full response or whether an 
insufficient quantity is released. However, it should be remembered that 
gonadic development is a gradual process; the sudden increase in size of the 
ovary at the time of puberty is largely due to the copious secretion of liquor 
folliculi. The most striking instance of the gradualness is found in the higher 
primates in which the ovaries may, for some years, be sufficiently developed 
to cause the growth of body hair, sexual skin, and the mammary glands, 
while menstruation may be delayed for a time, and ovulation for a still 
greater time. 
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Puberty is not reached at the same proponinn of nnnurc body \vei”ht or 
of age at maturity in all species. In animals with a litnited: breeding season 
in each year it does not occur until that season is reached. ra;d. ;i)c young 
animals may then be almost fully grown. This is csnecialiy so in ;lu- carni- 
vores. In animals with an extended breeding .season, bu! v.'iiii a winter pause 
in reproduction, those born late may have u> wait longer ilian tlusse hurji 
early enough to reach puberty in the .same .se.a.son. (iomplelely polyes- 
trous species vary in the proportion between their weight at puberty and 
that at maturity. Thus, in the meadow mouse, Miavtus 
puberty is reached at less than half the mature v.-eigl’t, a co-tdith;’,; which 
is probably true for most polyestrous rodents, wherca.s in pritnates twf! thirds 
or more of the ultimate growth is made before tire ;:tt,iirtini.;',i. ot pii'nerty. 

The closeness of the fit of various factors with puiierty has bceti .studied 
in several species. Body length is least variable at this epitch. body weight 
next, and age tlie least constant. Under unfavorahle ccmdilinns puberty is 
delayed, but if conditions are not too rigorous it i.s rcachcii ;tt a greater age, 
though at less body weight, than usual. Its aiiaiinnent is due. theteioH'. not 
to one factor, but to several which interweave to produce tlie pattern inherent 
in the species. For example, the pituitary i.s early tiilected ity unilerniitrition, 
and this, by depriving the gonad.s of stimulating honiKines, ailects .st'xua! 
development. 

As Crew has pointed out, puberty and .sexu.il m.iturity tut- riot the sanKt. 
Puberty may be defined as the time at which reproductif sn fir.st lu cunK'.s jmss- 
sible, i.c., when germ cells are released. This definition .scparan.ss the time tn 
first heat and release of ova in rodent.s from the time of the opeiiiitg of 
the vagina. However, on the average only about one day .separate.s the two 
events; consequently, the discrepancy is not serious. In primate.s, inetistrua- 
tion without ovulation may occur for a while, but puberty i.s poptilarly re- 
garded as the age at first menstruation, an epoch which is now referred to 
more precisely as the menarche. Se.xual maturity i.s the time when the animal 
reaches its full reproductive powder, and it is usually much later thati puberty. 
Most animals which bear more than one young at a time .ire less fccunil im- 
mediately after puberty than they are later. Thu.s yearling lambs usually have 
only one lamb when they are bred; later they Iiuve a higlier pinptiriion of 
twins and triplets. In rodents and pig.s the fir.st litter is usually comparatively 
small; the second litter is larger; and, following that, tlierc is a small but 
regular increase until about the sixth, after which fecundity giadually de- 
clines, but at an increasing rate as the female gets older. Similar clwnges in 
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spermatogenesis are difficult to follow^ but the available evidence indicates 
that they occur* 

At this point the terms '‘fertility” and ‘‘fecundity” may conveniently be 
defined. Feriility is a qualitative term denoting the ability to produce young; 
fecundity is quantitativcj denoting the number of young produced. Fertility 
is reached at puberty, but fecundity increases and decreases with age. Data 
are available from several species to show that early fertility and high initial 
fecundity are highly correlated with the lifetime performance of an in- 
dividual. They form a good basis for economic selection. 


THE HORMONES CONCERNED IN REPRODUCTION 

The hormones concerned in reproduction are of two kinds, those which 
control the activity of the gonads and those which control the accessory sex 
organs. The first group are mainly derived from the anterior pituitary gland. 
They are three in number, Follicle Siimulator (F.S.H.), Luteinizer (L.H,) 
or Interstitial Cell Stimulator (LC'.S.H.), and Prolactin. The first of these, 
F.S.H., controls the growth of the graafian follicle in females and spermato- 
genesis in males. L.H. is necessary for the changes in the follicle which cause 
ovulation and the formation of the corpus lutcum. In the male it is responsible 
for secretion by the interstitial cells of the testes. The third, prolactin, causes 
the cells of the corpus lutcum to secrete. It is also necessary for lactation and 
appears to he the cause of the exhibition of maternal instincts, e.g., in rats, 
for retrieving the young and returning them to the nest. All these substances 
arc proteins of the globulin or albumen group, and it is believed that they 
are secreted by theTiasophilic cells of the anterior pituitary. They are nor- 
mally not excreted in the urine; but in man and, for limited periods, in the 
macaque and chimpanzee a substance appears in the urine during pregnancy 
with the properties of a mixture of the first two. It has also been reported 
in the urine of the pregnant giraffe. This substance is known variously as 
P.U. (Pregnancy Urine), A.P,L., Prolan, or Chorionic Gonadotrophin. In 
human males it appears in the urine if a chorioepithelioma is present. This 
fact and the high concentration in placental tissues lead to the belief that it 
is produced by the placenta. It is not known why its excretion in the urine 
should be limited to a few species. In the urine of women at the menopause 
or after they have been ovaricctomized another substance with pure F.S,H. 
properties has been found. This is believed to be secreted by the anterior 
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pituitary. Its appearance in such large quantities wiihuut, ajiparcutly, affect- 
ing the ovaries, is a mystery since these organs are m^ponske ingiTted 
gonadotrophes at the menopause. 

The blood serum of pregnant mares and asses conij-jis a gonenlousiphic 
hormone of placental origin which has the properties of a nd^aure of loSJd. 
with a little LH. This is known as Pregnant Mare Si'nirn fP.M.S.) or as 
Equine Gonadotrophin. It is present for only a liniitcii time, aiul it seems 
to be related to the somewhat unique reactions of tlie maiernal and fetal 
gonads during pregnancy in the horse. This substance is not e*^:creioij in 
the urine. 

The hormones secreted by the gonads mainly control ihe divcairemenf of 
the accessory sex organs. They are steroids, dcrival piicnnirdircnc, and 
are closely allied chemically with the hormones oi the adrened mmi: 

of which have similar physiological properties. Ihe clcvcMping and mature 
graafian follicle produces estradiol, which causes the grsnvih v\ t!ic vaginal 
epithelium, producing keratinization of its superficied laycas if h «s prestan: 
in sufficient quantity, It also maintains the uterine mucosa liy causing caj^il- 
lary growth. Its action upon the cells of the uterine iruisch' is mi clear 
•—'more work is needed upon its relation to their growth* ',but it docs increase 
their sensitivity and the amplitude of their contractions. T"his liortnonc ais-i 
causes the growth of the duct system of the mammary gland aiul has some 
effect upon the growth of hair and the distribution ui fat in man. It ?b;fi 
hastens the ossification of the epiphyses d tlie hones, thus linii? iiu; thi am* mni 
of growth after puberty has been reached. In large <)uan! Iiies if snrmresMss 
the activity of the anterior pituitary in forming JnS.I L, and tluoiigh this 
mechanism of reciprocal control ovulation is believed to Ik- brought aboiii. 
The suggestion is that secretion of F.S.H. is fnllowed by that of LH. By 
its action upon the central nervous system estradiol prthiuces 'iieat*' or the 
condition of receptivity to the male. Estrone, aisc?, is present in the follicles. 

The origin of estradiol is a subject of discussion. Some hold ihat it is <ec*rticrl 
by the granulosa cells of the graafian follicles, hot receiir work has suggested 
that the theca interna cells produce it. This belief is nynv. logical as if brings 
events in the ovary more in line with those in the testrs. Knowledge of the 
estrogenic hormones stems from the pioneer work Edgar Al]vn aiul Diiisy, 

The production of estrogenic hormones during pregnancy by the placenta 
is somewhat baffling, especially as the female does not come in heat at the 
time, but they have a well-defined fiincuon, which is, by action uptm the 
anterior pituitary, to cause the maintenance of the corpus luteoni. The hor- 
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monc progesterone produced by this body probably prevents the occurrence 
of heat. 

Estradiol is not excreted as such, but is converted into other steroids with 
weaker estrogenic properties, estrone and estriol. In the marc it may be 
excreted in other forms as a scries of these substances have been identified 
in the urine. 

Progesterone, discovered by W. Allen and Corner, is secreted by the 
graniilosa-derived cells of the corpus luteum. It causes the growth of the 
glandular system of the uterus and is essential for implantation of the em- 
bryos. As it maintains the endometrium, it is important for the continuance 
of pregnancy. It also causes the development of the alveolar system of the 
mammary gland. In a sense it is antagonistic to estradiol as it inhibits kerati- 
nization of the vaginal epithelium and reduces the sensitivity of the uterine 
muscle. It also prevents the rupture of graafian follicles, probably by limiting 
the production of L.Ii. 

Progesterone is excreted in man and the chimpanzee as pregnandiol This 
siibstance has not been found in the urine of any other species, so the fate 
of progesterone, except in man and chimpanzee, is unknown. 

The corpus luteum also produces a hormone, relaxin, which, when it is 
secreted toward the end of pregnancy, causes the symphysis pubis to decalcify 
and relax, thus enlarging the diameter of the canal through which birth has 
to take place (Elisaw). This is the least explored of all the sex hormones, 
and its chemical nature has not yet been worked out. 

Testosterone, discovered by Gallagher and Koch, is the only hormone 
known to be secreted by the testes. Its origin is in the interstitial cells, a fact 
which, long in dispute, has been proved indirectly by Courrier’s work with 
the bat, and directly by Evans, who showed that it is produced by these cells 
when the hypophysectomized male is treated with L.H. It is excreted in 
a less potent form as androsterone. It causes the growth of, and maintains, 
the accessory male organs and possibly regulates the male distribution of 
the hair which appears in man at puberty. In deer it has some relation to the 
growth of antlers as these do not develop in an orderly way if the stag is 
castrated. 


TOE ESTROUS CYCLE 

Some mammals breed at all times of the year; others have a more or less 
restricted season at a definite time of the year. In general, tropical species 
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have less restricted seasons than those living in temperate regions, hut <iur 
knowledge of most tropical species is rather too scanty for adequate analysis. 
The season may begin at any time of the year, early spring for many rodents, 
late spring and early summer for Equiclae, later summer and early ia!! for 
Caprinae, and early winter for Cervidae. hiarsliall lias emphasized ihi) fact 
that the season of the year is the determining factor since animals mmskirrcd 
from one hemisphere to the other soon adjust iheu' habits to the reversed 
seasons, breeding at a different time of year, but in the right season, in their 
new environment. Much work has been done upon the causes of se:t-sonal 
reproduction. Spring breeders, as has been shown by Ihssunnciic, rnay be 
caused to breed in winter if they arc exposed to a longer duration of ligln 
each day. This effect is especially notable in the Miisiciidac and the Cmiidae 
and is believed to be due to an influence of light upon the jutiiitary gland by 
way of the optic nerve. Fall breeders, i.e., species which ln*ced at the time 
of diminishing light, do not give so clear a respemsc a lessening ut t!u:ir 
exposure to daylight. Goats may be induced to breed earlier by th\b rncihod, 
but in sheep the results have been variable. In tlic LiUcr species ihe sifuarinn 
is further confused because the strains with a long breeding htwsim are those 
which have been produced in the mttre southerly regums ne;u' Tmpk* of 
Cancer where seasonal changes in the length and imcir-iiy o{ light are not 
so great as they arc farther north. 

Another approach to this problem has been thmugh liic TfCtiviiv tif |ji!iiimry 
gonadotrophes. The ovaries arc responsive to these honia uu's in ilu: nombreed- 
ing (anestrous) season, so that the failure appears to hi! in iin: nifuitary. 
However, these results have been somewhat conflicting, iHr'Ccially in h]iei‘|g 
threshold differences may exist and the condition of the cjvarie.s an. the lime 
the injections were made may not have been siuTicicntly coiisitlcritl. It is 
reported that the amount of gonadotrophe in the sheepks pituitary is fairly 
constant throughout the year, but that it falls in the ground squirrel in 
anestrum. Naturally the content is not necessarily correlated with its rule of 
release, but suflicient data is available upon fluctuations in liornionc level 
in different phases of the cstrous cycle to iitdiLVitc diat the assay method is a 
promising approach to the problem. It has hmi ncglecied tocj hmg. 

Some species, e.g., many of the Muridae, hreetl ail the year in tlie hhinwUny 
but have a less extended season in the field. A faciur which is important here 
is the food supply; reproduction is at a low chb in winier aiul often, at the 
height of summer, and the difference appears not to be related to rempcraiure. 
Another fact is that, even in species with extended seasons, the intensity of: 
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reproduction vanes, Tciiiales of a wild species with a moderately restricted 
season tend to hecfjine pregnant at the beginning of the season, thus restrict- 
ing the time in which breeding may be possible. This also tends to cause 
all females to be ready for a st'ctaul breeding at about the same time, giving 
the appearance o{ two, or cvirii more, restricted seasons in a year. This is 
especially apparent in the Sciuridae. An extended season with greater in- 
tensity at one lime also fends restrict the period of breeding, especially as 
young females breed better at the peak season. If the length of gestation 
is fairly great, approaching a year, this sets up a rhythm which is adhered 
to fairly closely. The bison, which has a very extended season if breeding 
is not allowed, but which liral a welhdefincd season in the wild state, is an 
example of this lendency. Reports of limited seasons obtained from observa- 
tions made upon aoirnals in the wild state must, therefore, be considered 
from this point of view. 

The females of some species ovulate only after the stimulus of coitus, but 
most ovulate spontaneously at regular intervals. The list of those which re- 
quire stimulating is small at present, but it is expanding. Stimulation is 
probably die rule in Lagomcjrpha (rabbits), in many Sclurklae, Felidae, and 
Miistelklae, and in $omQ Snricidae. It is thus not confined to any one Order. 
In these species the graafian follicle increases to a certain size at which it 
remains for a long periock to days to a mtinih or more, during which the 
female remains in hvut. Coitus, either once, as in the cat, or several times, 
as ill the sb)rt~taikd shrew, causes the pituitary to release a gonadotrophic 
hormtine which induces the secretion of more liquor folliculi, rapid growth 
of the follicle, and its rupture. This occurs at a fairly definite time after 
coitus, loka hours in the ralibit and longer in other species. Sometimes sexual 
excitement, or mounting by other females, is sufficient stimulus to evoke 
the reaction, which, therefore, depends upon the central nervous system and 
not upon nervous connections between the sexual organs and the pituitary. 
In the cat stimulation of the cervix uteri elicits the reaction, but it is not 
clear wlicther this is due to general excitement or to the local stimulus. This 
type of stimulation is insufficient in the rabbit. 

As this reaction is clear-cut, it provided means by which the activity of the 
graafian follicle and the corpus lutciim, which develops after the follicle 
has ruptured, could he dilTcretiitiatccL By the work of Ancel and Bouin much 
was learned of the physiological action of estrogens and of progesterone be- 
fore active extracts of these substances had been obtained. The definite timing 
of ovulation has enabled the embryologist to obtain very accurately dated 
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material, and it has thus helped his work. In the raiihis cnpulaiinn with a 
vasectomized or sterile buck is as cfTectivc as normal coitus in cnusjtt- ovula.- 
tion; consequently, by combining this technic with artiiicial insi.!ius'.a;i(in 
at known intervals, Hammond was able to learn much rcgtirfling ine dura- 
tion o£ fertility in the spermatozoon and the ovum. 

In animals which ovulate spontaneously heat lasts sor ;; varying iength 
of time, and it is accompanied by the growth ol the graalian b<I!:clc ain! 
ovulation. As the follicle secretes the hormone whiclt causes licitt. uvuliiioti 
bears a fairly definite relationship to its cessation. The stMcing of heats de- 
pends upon two factors. In one group of animals, i.c., in meaty rodcuts, 
ovulation is followed by the formation of corjmra Ititc.i wliich are iiot fur,-;- 
tional. In these animals the interval is very short, abin;’ q davs, tmd it repre- 
sents the time taken for the growth of a new wave oS graafian tollicles. In 
other species, e.g., in cattle and guinea pigs, the corpora lutc.i are imuHdiaiely 
functional and the interval is longer, depending upon the time takni for 
their grow'th, the duration of their life, atid the gmutl) of new follivhn. 
The decline of the corpora luica and the growth of iieU' follicles may i .vt-rlap 
to some extent. The corpus lutcum has a lairly definite hmgth <4 growth and 
of life, about lo to rq days in most .species. In a few, .Mich .is the pig and 
cattle, it lasts longer, from i6 to iS days. 

The corpora lutea of tho.sc .species in which ihc.se organs arc tiomially 
nonfunctional may be activated and rendered secretor}’ by coitti.s witii a 
sterile buck or by mechiinical .stimulation of the cervi.x uteii. Tin icaction 
is also produced in females which copulate hut which fl< • :i< a beconte [u t'gnant. 
Under these circumstances the corpora lutea last for j-s to iq days, and ihc 
heat periods are sep,arated by this length of time; tlie cycle iiccoine.s strictly 
comparable with those in which the corpora lutea arc siormally ijumcdiatcly 
functional. The condition has been called “pseuiloprcgnaiKy," a name, u-hicli 
has confused the recognition of the true nature of thi.s motiification of the 
cycle. Coitus provides sufficient stimulation to pnulucc the. efTect cvett tiiough 
the sympathetic chain connecting the reproductive tract is scvereii, but under 
these circumstances mechanical stimulation is indTective. App.ireutly coitus 
can act by general stimulation of the central nervous .systetn, bm mecbanical 
stimulus requires a nervous pathway from the reproductive tract. 

It has been mentioned that the ce,ssation of heat, and benco, to an extent, 
its duration, depends upon the time of ovulation. 'Fliis is e.specially true in 
specks with induced ovulation, for sexual receptivity ceases within a short 
time of that event. In females with spontaneous ovulation receptivity lasts 
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for a time that is fairly definite for the species, but only while fairly large 
follicles arc present. I'lic known exceptions are many bats, in which heat 
and ovulation are dissociated by several months, and the higher primates, 
in which receptivity is apparent at almost any time of the cycle. 

Recent work .suggests that the length of the heat period is related to 
several other quantitative factors. Certain species may be arranged in the 
order of the F.S.H. content of the anterior pituitary as follows: man, horse, 
pig, sheep, cow. In the order of the average length of the preovulatory or 
heat period the sequence is the same. The mean threshold of estrogens which 
maintains die reproductive tract or which causes receptivity in the ovariec- 
tomized female is in the descending order: horse, man, sheep, cow. Their 
order in regard to the excretion of estrogens each 24 hours is: horse, man, pig, 
cow. The inference is that the level of F.S.H. in the anterior pituitary is the 
pacemaker and that the patterns of heat, estrogen threshold, and output are 
related to it. It will be inicresling to see, as further data become available, 
whether other species lit into this scheme and what effect differences in 
size may have upon tlicir relative positions. 

A factor in the length of the heat period is the development of a refractory 
state in the central nervous system. Zuckerman has shown in rats that the 
daily injection of estrogens into ovariectomized females at just above the 
minimal threshold dose for inducing heat causes a periodic heat of about 
the usual duration and at the usual interval Evidently the animal becomes 
refractory to the hormone, and this period has to pass before heat is again 
possible. These results were deduced by a study of the vaginal smears. In die 
cow similar results have been obtained with sexual receptivity as the criterion 
of heat, and it is this fact which leads one to believe that the central nervous 
system is involved. Very large doses of estrogens have to be injected into 
the cow to induce continuous heat. In the cow this refractory period is ap- 
parently the cause of a dissociation between heat and ovulation, which occurs 
about 14 hours after psychic heat has parsed off. The threshold is so low that 
it is reached comparatively early in the development of the graafian follicle; 
then, after the cow has been in heat for about 13 hours, the refractory 
period sets in before the follicle is ready to rupture. This is the only species 
in which ovulation has been found to occur regularly after heat has ceased 
except in certain vesper tilionid bats which breed in the fall and which do 
not ovulate until the spring. The condition of the reproductive tract of 
the bat in the intervening time is described as one of subdued estrus (Wim- 
satt). It has not been fully determined whether another full heat occurs in 
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the Spring, but the fact that in these specks spermatozoa are haiiid in the 
epididymis in the spring suggests tliat another may be possible. Fonher 
implications of this type of work are discussed in the secdon dealing with 
the length of life of the spermatozoa. 

In the early stages of the growth u£ the fullicks the ova grenv more rapidly 
than the follicles themselves. As soon as the former reach alnaasi their maxi- 
mum sizcj their growth slackens and the follicles grow much mc)re rapidly. 
Thus, as Parkes has shown, the preovulatory mauiraiion ol the lolliclc is 
not associated with further growth of the ova. These hf)dics cnier a period 
of nuclear activity connected with reduction division and the extrusion of 
the first polar body. This activity usually prcccifes ovulation, bin in many 
of the Canidae the first polar body is not extruded until the ova have been 
expelled from the follicles. 

The factors which determine the length of life of the cenpus iuteum, and 
hence of the interval between heats, have not bce!i studied in detail. The 
life of these bodies can be lengthened by the iifiection of estrogtats, but, while 
estrogens may be the cause of the probmged life of the corpora Imea in 
pregnancy, their influence on the normal cycle has not been demoUvStrated, 
and the level of circulating estrogens at fliLs lime is ]u\\\ In the wrkeds 
opinion the life of the corpus luteum is related to ihe prolactin level in the 
anterior pituitary. When this is high, the corpora lutea persist fur Irjnger than 
usual Thus, they persist in the cow ^ to 4 days longer than the usual 
maximum in mammals, and the prolactin contem of the anterior pituitary 
is high, as Turner has shown. In ad<!iti<>n, in the smaller Miiriilae heavy lac- 
tation is associated with activation of the corpora liUcM wdiich are produced 
as a result of the post partum ovulation. This is associated with a higher 
lactogen content of the pituitary than occurs at other times in the cycle. 
The deduction is logical in view^ of work by Evans ami by Asuvoud showing 
that prolactin is essential for the functioning of the corpus Iiitciim, but it 
is not always possible to dissociate cause and effect until a problem has been 
very fully explored. 

The accessory reproductive organs of the female come under the influ- 
ence, often alternately, of two sets of hormones, estrogens and progesterone. 
Estrogens cause an increase of vascularity throughoul the iraci, a growth 
in the height of the uterine mucosa and of its epithelium, growtii of uterine 
muscle cells, and rapid multiplication of the layers of cells in die vaginal 
epithelium. The latter proceeds so rapidly in some species that the superfi- 



Plate L .smears of a guinea pig. Vppt't kjt: Proestrum, stage la, epithelial 

ceils and cornified cells, M and K. xioo. Upper right: Hslrus, stage Ib, cornified cells, 
H and li. xioo. l^wer left: Estriis, stage H, round cells, H and E. xioo. Lower 
right: Metestrum, stage III, epithelial cells and leucocytes, H and E. xioo. 



Plate ll Vagina of a guinea pig, cornifying iy|>e of change with cycle. 7o/.»; I'lmv 
of maximal growth. Note a^rniheation. H and ll xioo. Hottom: lime ol dt'sqme 
mation. Note leucocytes. H and E. xioo. 
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cial layers, at some distance from the blood supply, become keratinized. 
These vaginal changes arc well marked in rodents generally and in the 
Canklae. In many other species similar changes occur but they are not so 
clearly defined. These changes are reilected in the vaginal smear, which 
consists largely of nucleated epithelial cells in the stages preparatory to 
and early in heat, and which changes to cornilied ceils near the time of 
ovulation. Then, with a lessening of the amount of circulating estrogen, 
degenerative changes set in, desquamation becomes massive, and leucocytes 
infiltrate. Between heats the smear is scanty and is a mixture of cell types 
together with a few leucocytes. In some species, of which the cow is an ex- 
ample, the circulating estrogen is so low, or the threshold is so high in 
relation to it, that cornificalion does not occur, but the superficial layers of 
the vaginal epithelium become tall mucus-sccreting cells. In these forms cell 
types in the vaginal smear are not of much diagnostic value, but cyclic varia- 
tions in the amount and consistency of the mucus can be followed. The in- 
jection of large amounts of estrogen causes keratinization of this type of 
epithelium. 

Changes in the oviducts induced by estrogens are similar to those of the 
uterine epithelium. 

Progesterone exerts its action mainly upon the uterus by causing the 
growth of uterine glands and by sensitizing the endometrium so that it 
produces deciduomatous tissue if it is irritated. The ovulated follicle takes 
3 to 4 day.s to develop into a fully f unctional corpus liitcum producing enough 
progesterone to elicit this effect. When it is fully formed, the corpus luteum 
continues to secrete sufficient hormone for about 4 to 6 days in the normal 
cycle. Another important effect of progesterone is to prevent the farther 
development of graafian follicles, probably by a regulatory effect upon the 
anterior pituitary. These effects ate definitely conducive to the early develop- 
ment, reception, and later development of the fertilized ova. They are also 
protective in that heals and coitus during pregnancy are prevented. 

Many years ago Heape devised a series of terms for the different patterns 
of estrous cycles and for their component parts. The usefulness of these terms 
is not so great as formerly since wc are now able in many cases to define the 
parts of the cycle as ‘‘estrogenic” or “progestational,” depending upon the 
hormone which is effective at the time. However, they have their uses, es- 
pecially in species in which the hormonal relations have not been fully 
worked out. la some instances, especially in the Muridae, confusion has 
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arisen by the use of Heapc’s terminology. It is iiut always clear wliether a 
writer means the short or long cycle interval when he reiers tfi the metehiruni 

or diestrum. 

In Heape’s terminology the sequence of events innr\ tnc gn^wih ul the 
follicle to the end of the life of the corpus luicuni or to a iilw growth 
follicles is called the '‘dicstrems” cycle. When heat and associated phe- 
nomenaj including corpus luteum formatiuig occur as an isulaiec! evtmt, tuc 
species is monestrous; if series of cycles follow one anothta*,. is po!}C‘stroiis. 
A species is seasonally polyestrous if the iemales experience sevcre.l viiestnuis 
cycles during a restricted part ot the year. In mraiesircU-'t and scusaniaily 
polyestrous species the period of sexual quiescence betwwn vSCahons is termed 
the ‘‘anestrum.” Proestrum is the period during whicii Uic JoHicies grow* and 
the accessory organs are in a state of preparatory devclo|Unent. Ii is. there- 
forcj the stage of mounting estrogenic activity. In mmiestnauh females, such as 
the dog and deer, this stage is purely estrogenic; in p«jl\estrcjus species it 
consists of a mixed, declining progestaticnia! and dtcvcbiping estn^genic 
phase. This is clearly seen in the cow, in which, at this ;inu\ the lUerinc 
muscle has a diphasic response to epiaephrin. Purest rum is followed in cslrus 
or the period of heat. During this pcrioil the estrcjgetuc ed’ecis arc at their 
height because of the rapid development of the foIlklcH. Kcceni weni; dis- 
tinguishes between the psychic estrus, (?r sexual rcccptivii y, ami vaginal csinis, 
or the time in which the growth changes in the vagina are at a maximum, dlu; 
former period is usually the shorter. 

If heat is not followed by die prcKluction of an aciivt: iorpus lutcung the 
ensuing period in which sexual activity declines is called "metcsiruml' If 
a corpus luteum is formed, the female may be pregnant pseudcfprcguant 
(a term denoting the activity of the corpus luteum following induced ovula- 
tion or activation) or she may enter “diestrum,” the pcricKl in which the 
corpus luteum is active after spontaneous ovuiaticau In all three of these 
phases the reproductive tract is under the infiuence of progesterone. The 
writer would like to confine the term “mctcstriim” to the time during which 
estrogenic activity is declining and “diestrunr' no the periifd in which ilie 
activity of the corpus luteum is paramount. This |dan has hem followed to 
some extent in this book, but, to avoid c<mfusion, moM dating in the me- 
testrous and diestrous periods has been made as so many hours or days 
'‘postestrum,” without indicating whether nietcstnim or diestrum, io the 
sense in which these terms are now defined, is meant. The rat cycle in which 
the corpora lutea are inactive consists, therefore, of: proestrum, estrus, and 
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metestrom merging into proestriim. The cycle with an active corpus liiteum 
consists of pwcstmm, cstrus, nietestrimij and diestrum merging into pro** 
estrum. 

The nature of the primate cycle has received much attention, both because 
of its relation to human affairs and because of the welhmarked division 
caused by menstruation, or the period of blood flow. This phenomenon is 
best observed in Ok! World monkeys; in New World monkeys, when it 
occurs, menstruation is confined to the appearance in the vaginal lavage of 
a few red blood cells, which can be picked up only by miscroscopic examina- 
tion. Another difficulty in interpreting the cycle is the absence of a well- 
defined period of cstrus, cither psychic or vaginal. Coitus is permitted at 
almost any stage, but work with the chimpanzee has shown that it is most 
frequent at the time during which ovulation is probably occurring. In the 
New World monkeys there is some evidence that, as a rule, copulation is 
permitted only during a more restricted part of the cycle than in the Old 
World primates, hut much more work needs to be done with the former 
species before certainty can l)c reached. The sequence of events in primates 
is as follows: After menstruation there is a period in which the uterus is 
repaired and then built up under the influence of estrogens, with growth 
of die endometrium and of its capillaries. The graafian follicle is growing 
and it ruptures near the mid-cycle, about 15 days before the beginning of 
the next mcnstruaticju. This is known as the stage of proliferation, and it is 
equivalent to procslrum and estrus in other mammals. It is accompanied 
by growth of tlie vaginal epithelium and some cornification, but these changes 
are gradual and not as well defined as they are In many other mammals. 
The vaginal smear is, tliercfore, of little help, though there are indicadons 
that more live leucocytes and more mucus are found in the smear about 
the time of ovulation. Ovulation is spontaneous, and it is followed by the 
formation of a corpus luteum, which causes great glandular growth in the 
uterus. This is called the '‘progestationaF’ phase, and it is equivalent to 
diestrum in other mammals. The corpus luteum declines precipitously about 
14 days after ovulation, and the more superficial capillaries in the en- 
dometrium collapse. Blood is extravasated in quantity, and about two thirds 
of the endometrium is desquamated. 

A considerable amount of research has been done upon the cause of the 
uterine desquamation and hemorrhage. Some of this work has led to the 
enunciation of the ''estrogen withdrawal*’ theory which, with modifications, 
is the basis of present explanations of the phenomenon. Edgar Allen found 
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that the endometrium grows and is maintained if estrogens are iiijcclcd 
into ovariectomized rhesus monkeys, (iontmiicd iujatjons do not cause 
menstruation, but if they arc stopped cmlomciria! desiiuamatjon lolluws 
after 7 to 10 days. It also follows bilateral ovariectomy at any .stage rif the 
cycle. As some workers have found a secondary peak of estrogen excretion 
just before menstruation, it was held that the kilter is caused by the deple- 
tion of estrogens in the body, and hence the withdravral of the growth 
stimulus given by them. However, the cstrogcn-indnccd growth is of the 
proliferative type only, and more recent work has shown that estrogen- 
withdrawal bleeding does not occur if e.strogcn injectioiis are immctliatcly 
followed by the injection of progesterone. This ettuses further progesta- 
tional growth of the kind found in the prim.alc diesirum. Cessation of 
progesterone injection is followed by bleeding. It therefore appears that the 
cessation of any growth stimulus to the primate uterus is followed Liy en- 
dometrial destruction and hemorrhage. Norma! menstruation, therefore, 
is a “progesterone withdraw'al” bleeding. Estrogen withdrawal may he in- 
directly involved since this .substance is known to prolong the life of the 
corpus luteum. In some monkeys the sexual skin, which is highly edematous 
under the influence of estrogens, subsides a few ilay.s before sncn.striiation, 
showing that estrogens arc active during dicstnim and tlt.it 1 his at tivity ceases 
a little before menstruation, at the time when estrogens are excreted in 
quantity. This excretion may terminate the life of the corpus luteum, thus 
causing progesterone withdrawal. 

Some women experience a little hemorrhage at the titne that ovukiliim 
is believed to occur, and, as there is a .second pe.ik of csirogeti e.xcrction at 
this time, it is tempting to believe that the hemorrhage is tissociated with 
this peak and that die former is due to a brief interval before the progesterone 
influence makes itself felt. However, Hartman lias shown that in rhesus 
monkeys bleeding of microscopic proportions is normal at this time and 
that it is caused by the rupture of highly congested uterine blood ves.sels, 
with little or no tissue destruction. It is also associated more closely with the 
presence of large follicles than with their rupture and is, therefore, believed 
to be a proestrous hemorrhage similar to that founi! in the dog. 

The problem has been complicated by the e.xistence of anovulatory cycles, 
principally in adolescent females. These arc accompanied by menstruation, 
but the intervals are more irregular than they arc when ovulation has be- 
come well established. Bleeding occurs from a proliferative (estrogen), and 
not from a progestational (progesterone), endometrium. This appears to be 
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a true cstrogeii-withdrawal bleeding caused by the atresia of follicles which 
did not receive sufficient goiiuikarophic stimulus to cause them to ovulate. 

Much effort has been spent in attempts to relate menstruation in primates 
with the periodic bleedings which are found in certain other mammals. But 
the limes at which these occur do not lend support to any such relationship, 
and their nature seems to be different. Bleeding in lower mammals is more 
in the nature of seepage of blood unaccompanied by the destruction of tissue. 
This difference may, however, be one only of degree, though the bleeding 
is fairly copious both in the dog and the cow. The discharge of blood in 
the dog takes place during the proesirum, when the only ovarian structure 
to which it is likely to be related is the developing follicle. Meyer and Saiki 
have shown experimentally that the uterine growth following estrogen in- 
jections into ovariectomized bitches is accompanied by bleeding, which 
ceases when injections are stopped. It is, therefore, associated with excessive 
congestion. Of the Canidae only those of the genus Canis bleed during 
the proestrum. Occasional slight hemorrhage has been described in the bitch 
at the end of diestrum, or pscudopregnancy, and this may be a progesterone- 
withdrawal pherumicnon. Van der Horst and Gillman have described in- 
tense, but localized, tissue <Iestruction and hemorrhage in the uterus of the 
insectivorc Elephaniuhis mynrus at the end of diestrum, and occasional 
reports have suggcstei! that it may occur in other insectivores, especially 
in those which appear to occupy an intermediate position between this group 
and the primates. The cow bleeds in metestrum, about 14 hours after ovula- 
tion. This does not occur invariably, and it appears more frequently in 
young than in old cows. Estrogen injections or withdra^val do not produce 
it, and, so far, its cause has not been found experimentally. Hammond be- 
lieves that it is the result of a gap between the loss of function by an old 
corpus luteum and secretion by a new one, but progesterone-withdrawal 
symptoms in the uterine muscle are found in proestrum. Sometimes con- 
gestion is so great in the uppier part of the vagina at proestrum that a little 
bleeding results. Microscopic bleeding from the uterus at about 8 days 
postestrum has also been reported by several observers, and its cause is un- 
known. Metestrous bleeding is also found occasionally in the guinea pig. 

To sum up the work on the estrous cycle it may be said that, in its general 
pattern, it consists of the successive action of two groups of ovarian hor- 
mones, estrogens and progesterone. The relative length and intensity of 
its parts depend upon species thresholds and amount of circulating hormones, 
and also, in some species, upon the reaction of the central nervous system 
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to these hormones. Cycle lengths and the duratinri ot thiir parts arc not 
constant, but they may be expressed in averages fjjt cacti species. \\ ithiii 
species which have long heat or preovulalory periods cadcu!atie-n of the 
coefficients of variation has shown that this part of tiu: cyeJe is the inia'c 
variable in its length. In other words, the follicle lakes a variai)lc time if)r 
growth or to reach the stage of maturity required for ovulatiun, whereas 
the life of the corpus luteum is relatively constant. 1 lus.^ liriWcvcr, diois not 
hold for the rhesus monkey. 

The minimum time for growth of the follicle in the ailul: feniale is 3 m 4 
days, which is the length of the interval in the rat and and ilie time 

taken for heat to appear in the cow whose ct>rpus lutcuin lias been excised. 
The duration of heat depends upon the amount (4 F.SJ-L pmP.uced by the 
pituitary, upon estrogen thresholds, and upon the lengtli oi linic the central 
nervous system is capable of responding at a certain hormone level. CdvuLn 
tion depends upon the release of L.H. by the anteruu' piiuitary. and the 
duration of the corpus luteum upon the level of prolactin srerded. l"he rule 
of estrogens in controlling the length of lile of the coi piis lun. utn in not clear 
except, perhapvS, for its persistence during pregnancy. 1 lie Jiauge ol stcro 
tion by the anterior pituitary which leads to iwuiaiion is believct! to be due 
to a reciprocal relation between the ripe follicle ami die pituiiary. Secredon 
of F.S.H. leads to eslrcjgen secretion. The Later, as has been slu,nvn experb 
mentally, causes F.S.H. secretion to cease, and it has been su|,;gesu:d iluit it 
is followed by the secretion of LTI. Perhaps careful pinhtaiy assacs m diosc 
bats in which heat and ovulation arc disMJciaicil might tlnow further light 
upon this problem. 

Evidence is accumulating which shows that, in many sysccies, luieinizadon 
of the follicular cells has begun before ovulation occurs. In this connection 
it may be recalled that Young showed that, in some species, a mixture of 
estrogen and progesterone is more eiTectivc in pruduciag ix^ychic heat than 
estrogens alone. This is a phenomenon which needs fmther stiiily. 

The patterns of response to estrogens have now liccn considered, hui ihose 
to progesterone have not received enough auention, llic Murid.ac in dicsi rum 
have little glandular growth in line uterus, biu. rabbits, cals, fcrrcis. and 
primates show great glandular growth ami distension which give the en- 
dometrium a kcelike appearance. In gciierak this cxircme reactiim apfiears 
in species with induced ovulation and in primates, but the thica are insuificicni: 
to stress the point. Other species than those mentioned appear to occupy an 
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intermcfii.it c posit if ni. A constant feature nf progesterone action upon the 
glands is the high degree of coiling whiclt is associated with their growth. 


PRlsGNANCY 

Hie most interesting feature of pregnancy to the endocrinologist is the 
persistence of the corpus luteum beyond the time found in the normal cycle. 
The work oi W. M. AFicn has shown that this is probably due to the in- 
fluence of estrogens produced by the placenta. The cyclical length of the 
corpus lutciim is sufficient to permit the developing egg to reach the stage 
at which implantation is possible and to maintain uterine sensitivity long 
enough for implantation to occur. After that the placental tissue^ by produc- 
ing estrogens, is able lo prolong the life of the corpus luteum^ but its persist- 
ence is nr?i essential in all species. Its early removal probably always results 
in failure of implantation. After implantation occiirSj the operation always 
results in resorption of the ctnbryo or abortion in certain species, e.g., in 
the cow, gtaat, mouse, rabbit, grtmnd squirrel, and possibly the dog. In 
man, monkey, guinea pig, anti cat the corpus lutciuii may be removed com- 
paratively early without harmful effects to the embryo or fetus. The rat oc- 
cupies an intermediate position: early removal is followed by abortion, late 
removal is not in every case. In some species, e.g., the horse, the corpus loteum 
degenerates sprauancanisly; a type of gonadotrophic activity then follows, 
which is aUribufee! to the placenta; and new corpora lutca are formed, 
which, however, do not pcitsist throughout pregnancy. In a few other species 
also the corpus luteum docs not persist, e.g., in the bat, N)fcteris luteola. An- 
other species in which endometrial structures may have an endocrine func- 
tion is the Chinese hamster, but the evidence is purely morphological. 

The corpus luteum of pregnancy is usually a little larger than that of the 
cycle, and the uterine reactions are more pronounced. The latter are found 
both in the pregnant and iionpregnant horn in monotocous females but are 
not fully maintained in the iionpregnant horn, indicating that local factors 
are important. In ovariectomized females the corpus luteum may be replaced 
by a mixture of estrogens and progesterone before implantation; afterwards 
progesterone is suflkient, the placental tissue apparently secreting enough 
estrogens if they are necessary at this time. Estrogens are excreted in large 
amounts throughout pregnancy, the amount rising to a peak shortly before 
parturition. They do not produce the usual psychic and vaginal reactions be- 
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cause their action is inhibited by progesterone, hi tlic mfr’.sc ihe 
epithelium mucifics, suggesting the modified action ionml wlicn small 
amounts of estrogen are present. 

The number of young produced at a time is Ircluvec! to ix; mainly a 
function of the anterior pituitary. Ihis is logical, stnee h.S.l 1 . prf'U'.otes tin* 
maturation of graafian follic!c.s, and since more eggs art shed, csix'ciaily in 
young females, when this hormone is injected. Other factors, however, are 
at work since loss of eggs and fetal atrophy, especially the latter, arc high 
among animals so treated. The number of young bortt averages higher than 
usual, but it is within the normal range for the species. 

In normal females loss of eggs is frccjuent. It m:iy occr.r in species witli 
open capsules by failure to enter the oviduct. External riiigration across the 
body cavity is possible, but it is probably very rare. Another cause ot loss 
of eggs is failure of fertilization, failure to implant, and death hcfiire they 
can be recognized macroscopically. In some .<;pecies of Elcphunlulus many 
more eggs are shed than are implanted; a hundre<! or more, egg.s may be 
produced and one or two implanted. A similar siiu.stiiin, hut k'.s.s in degree, 
is found in the Virginia opossum, and it occurs, more or less, in all .species. 
Among the armadillos the oppasite cotulition i.s fouiid: one egg is .shed 
and fertilized, then it divides and prtiduccs several embryos (polyemlsryony). 
Fetal atrophy also causes los.ses in all species. The causes are not wcdl under- 
stood and they may he varied. The action of inherited lei ha! factors is one; 
an inherited influence acting upon the mother is another which jws been 
found in rabbits. In extreme ca.ses uterine or, more prohahly, tthtlominal 
accommodation, or maternal nutrition, may he factors. I'terinc acccumnofla- 
tion in itself seems not to be a factor since, when one ovary is removed, the 
normal species number of eggs are shed from one ovary and develop in 
one horn of the uterus. 

The time taken for ova to travel through the oviduct is remarkably con- 
stant, about 3 to 4 days, especially when the wide species differences in the 
length of the oviduct are considered. Transit is rapid tlirough the first part 
of the tube, slow through the next portion, and again rapid until the titerus 
is reached. Generally the relation of .sexual receptivity to ovulaiioti is such 
that spermatozoa are awaiting the release of the egg and it i.s immediately 
fertilized. In Canidae, however, it has to await fertilization, since when it 
is shed the first polar body has not been extruded and it is not mature. The 
spacing of the fertilized eggs in the uterus is performed through irregular 
movements of th? uterine muscle, and, in femaks with bicornuate utcrij ova 
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may travel internally flfAvn fue ii(trn. across the body o£ the uterus, and up 
the other horn. 

The duratiiHi ot pregnant y v.irK.s vaith ilie species: from ii to 12 days 
in the Virginian opossum to 22 inonins in the Indian elephant. Strictly speak- 
ing, gestation is lunger I'nan m days m the opossum since the young are 
born in a very iimnature state .and arc iturnediately transferred to the pouch 
in which embryoitic development ctmtinues. The shortest true pregnancy 
is the i6^ i day.s esf the hrunsier. 

Parturition is irrccedcd by the dcgeiier.'jtion or loss of the function of the 
corpus luteurn, .and, in view of the relaticjn of tlii.s body to the maintenance 
of pregnancy, this mu.st be a major factor iti determining the duration. How- 
ever, in species in wliich the ctn'pora lutea may be removed without termi- 
nating the pregnancy, tlie period of gc.sl'aiion is the normal length if this 
operation is performed. On the other hand, gestation may be prolonged by in- 
jecting progesterone, though if this Is done for more than a very few days, 
death of the fetuses rcsult.s. The general conclu.sion seems justified that preg- 
nancy ends bccattse the .secretion of progesterone or its equivalent ceases. 
Why this occurs is not clear. The primary cause may he a failure in placenta- 
tbn resulting in a fall in c.sirogen output. In this connection it may be noted 
that the corpus luteum pensists if embryos arc removed during pregnancy 
without disturbing the placentae, which continue to live. 

Species differences in the. duration of gestation are related to a variety of 
factors. In genera!, the larger an itnitnal, the longer its gestation; but there 
are many e.vceptions, for example, the guinea pig and dog each with a gesta- 
tion of about 64 days may he contrasted. In seasonal breeders there is a 
tendency for the duratiort of ge.staiioii and the breeding season to be so 
related that birth occurs at the time of year in which food is most abundant. 
For example, the horse breeds in spring and the young are born in spring; 
the goat breeds in the fall and the young are bom in the spring; the roe 
deer breeds in summer and the young are born in spring; and the fallow 
deer breeds in early vvdnter and, again, the young are bom in spring. Another 
factor relates to the habits of the species. Those with burrowing habits, or 
which live most of their lives in concealment, have shorter gestation periods 
and the young are bom in a more immature state than species who live in 
the open and depend upon speed as a protection. Thus, burrowing rodents 
and beans, which hibernate during and after pregnancy, are examples of the 
first, and deer are examples of the second class. 

Variation within species is also observed. Some of this is related to the 
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size of the litter; the larger ihc oiinhxT, the shorter ih-e geM.:: ;■ au In inunaVh 
cons animals males are carricil a little lotiger ann .'n. a. iiua,* neavier at hnth 
than females. Hereditary i actors alsu iniaience na. aoi;::.:- oi gestation; 
Holstein-Friesian cattle have a incac gesoiLMn iht- e. » : eg, dj\h. wrareas 
the Brown Swiss period is ago days, with ofner laectA' :a.!\vct:n thi^c ex- 
trenies. In a few species the season oi tiie year ha'^* ari iulua nee. i Ois is most 
noticeable in horses, in which geslaii<ais tcniunaJin;: m Vt'Oter average 
about 20 days shorter than those ending a! any ntnr L:nr tin* yum 
Maternal influence is shown in hybridN. ITuis me mare L»a^ a gesratani lA 
335 days W’hile the period for the as.s is y/-5 daa.s. 1 in: :nn:e v,. nines a Irdn^rkl 
for 345 days, less than the mean between die .ait. iimrer her own 

period, while the ass carries a Inhritl fur 355 dayv, miC'v ilian the aicmi and 
nearer her own period , 

Delayed implantatiun is an interesting phcrumiuK?h toand :n some species, 
particularly in the Miistelidae. I’he duration itf g^v^naiou iu main lA these, 
e.g., the European badger and the American marun, is .Aour 25*# days. 
Feitilizatum takes place in }uly or August, tlio c-.;., d.uu l-r ]y- La a iVw dans, 
then lies dormant in the IdastocNst stage until januaiy, wlu.n n is unplmied. 
Development now pnxTcd.s ntirniall} and Imth i'- in Mania AcUailKc the 
embryo is growing for about 50 days. 1 ’hc iloiinani puArd can Ik: rciluccd 
by at least 3 months by exposing the {'n-egnant females in aar;‘'icial light diur- 
ing the winter, a rcKult which suggests thr}l ;H:ii\alion iA Aui piiuitary gland 
is involved, though lire injecfion <A piulaciin dc!a\s iuip:ant;rdtsn. Other 
species with delayed implantation are the arniadiilu. due me dca r, :ind pruha- 
bly the bears and seals. The roe tleer IS infcixsUng as this six cits breeds 
outside the normal season for Cervidae in die temperate vet the young 
are born, because of this modification, at the usual time for ilic hiniily as 
a whole. 

Delayed implantation is also found in Murklae if tin* femaics become 
pregnant while they are suckling a litter. Cicsiaiifai in >|xx:ies is usually 
21 days, but under the circumstances just noted it may be prc?lc«ugcil tii 30 or 
40 days. The degree oi prolongatmn is rclatvil die numbm' of voung being 
suckled, and it is greater as this number inereases. line largit rodents bouse 
rats and cotton rats, may not sliow this phcuomennig ui ii thev do it i?, in 
a lesser extent than the smaller nuleuts, such as die luici*. Ifxprrirncnial work 
has slxwn that the injection oi estrogens anises prompt irnplantatkai in 
the lactating mouse, so the delay is due Ui a relative shortage of a specific 
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hormone. In rabbins heavy laciatajo increases the anifninl of fetal atrophy 
and may terminate the pregnancy altogether. In some species, such as the cow 
and primates, cstrous cycles lend t(j he suppressed during lactation. All these 
facts suggest a clcpre.^sicm oi endocrine function or a diversion of its activity. 
The question of piegnancy during lacfaiion leads to that of the postparturient 
heat. In several gnaips, the Cricetidae and Muridae, and in seals, this fre- 
quently occurs. Jn the first two families mentioned this heat is usually of 
short duration, and the vaginal and uterine reactions are atypical because 
parturition has just occurred. The factors which determine whether a species 
has a postpartiiritioii heM or not are unknoven; even within one genus, 
Peromysci^s, some experience it while others do not. 

FACTORS INFLUENCING THE LIFE OF SPERMATOZOA 

If they are to live long, spermatozoa must be comparatively inert. This 
means that their liic in the Ivmale tract is somewhat limited. The vagina 
is especially unfavorable as an environment, and. in general, spermatozoa 
only retain their iuotility in this region for about 6 to 12 hours; the uterus 
is a little less unfavm*able and the oviducts still less; but spermatozoa do not 
retain thdr motility fur much more than 24 hours in any of these regions. 
The cervix is the least harmful part of the female tract. In several species 
in which the diiratkni of fertilizing power has been tested, spermatozoa retain 
the ability to fertilize fin* little more than 36 hours, and lose it before motility 
disappears. If the latter is low, the spermatozoa arc no longer able to find 
the egg. Important consequences of this short life arc that spermatozoa arc 
unable to survive from one heat period to another and that artificial insemina- 
tion outside the normal heat period is nearly always ineffective. Species with 
long heat periods suffer in fecundity if coitus occurs only early in the period, 
e.g., the horse, since too few spermatozoa survive until ovulation. 

Certain bats, i.e., some of the vespertilionids living in temperate regions 
and hibernating during the winter, were very puzzling to the research worker 
for some time, but the problem they presented has now been solved to some 
extent. Copulations have been observed during the heat period, which occurs 
in the fall. The females then go out of heat, and ovulation occurs in the 
spring, several months later. The spermatozoa, meanwhile, embed them- 
selves in the mucous coat of the uterus and emerge about the time of ovula- 
tion. The question arises whether these spermatozoa retain their fertility 



30 


MAMMALIAN REPRODUCTION 


or whether another copulation is necessary in spring, during the last few 
days of hibernation, for fertilization to occur. The problem has been solved 
by Wimsatt, who succeeded in keeping bats alive in a refrigerator through 
the winter and in proving that fertilization of the eggs did occur in spring 
from the uterine store of spermatozoa. However, the possibility has not been 
ruled out that another copulation docs occur in spring in the wild even 
though it may be unnecessary. Observation is difficult at this time because of 
the migratory habits of the bats. The males are capable of spring insemina- 
tions although the seminiferous tubules are inactive at this time. Spermato- 
genesis occurs in August, and the spermatogenic tissue soon retrogresses, but 
the interstitial tissue remains active and maintains the accessory organs 
throughout the winter. A store of spermatozoa in the epididymides is main- 
tained, and they are capable of motility in the spring. The interstitial tissue 
and the accessory organs retrogress after the bats emerge from hibernation. 

The long life of spermatozoa in the epididymis of the bat is exceptional. 
In other species fertility is retained for about 40 days, while motility lasts a 
little longer. The generally greater length of life in the male tract as com- 
pared with sperm longevity in the female tract is partly the effect of im- 
motility and partly of lowered temperature in the scrotum. If the epididymis 
is anchored in the body cavity, at a higher temperature, fertilizing power is 
lost in about 8 days; motility is retained for a few days longer, but the 
spermatozoa are incapable of swimming far enough to find the eggs. 

A question that has been much debated is how the spermatozoa reach the 
egg. The presence of the flagellum suggests that they are capable of reach- 
ing the eggs of their own volition, but, in all species examined, the time 
taken to reach the infundibulum does not differ much in spite of the vast 
differences in the length of the female tract. In some species, e.g., the rat, 
spermatozoa are injected directly into the uterus; in others, e.g., the cow, 
apparently they are not. Rhythmic uterine contractions probably aid in 
sperm transport and the same mechanism operates in the oviducts. Except 
during parturition the uterine muscle is most active during heat. An average 
of 4 hours is needed for spermatozoa to reach the infundibulum in all species 
examined, and about one million spermatozoa are needed at an insemination 
to make sure of fertilization. The first few sperm to reach the egg do not 
fertilize it but supply an enzyme, hyaluroniclase, which causes the granulosa 
cells of the cumulus oophoron to disperse, as Rowlands and Pincus have 
shown. 
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THE MALE ACCESSORY ORGANS 

The functions of the glandular accessory organs are practically unknown. 
It has been held that some secretion from them is discharged in advance 
of the wave of spennatoz.oa to cleanse the urethra of substances toxic to 
these organisms, and also that these secretions serve a nutritive function. They 
can be excised without greatly depressing fertility, and, since the vesiculae 
seminales are absent in Canidae, these organs cannot be of vital importance 
to the spermatozoa. Secretions from the accessory organs form the vaginal 
plug found after coitus in rodents and in some other species, because of the 
power to coagulate semen possessed by some ingredient. This plug is be- 
lieved to be conducive to fertilization as it permits a gradual release of sper- 
matozoa as it disintegrates. The chemistry of the reactions involved has 
not been adequately worked out, but there is evidence that coagulation de- 
pends upon the interaction of an enzyme, vesiculase, produced by the prostate 
gland or by a branch of the seminal vesicle upon a protein secreted by the 
seminal vesicles. The semen of dogs, which do not possess vesiculae semi- 
iiales, does not normally clot, possibly because of this fact; but it has also 
been shown by Huggins and Vail that the prostatic fluid contains a sub- 
stance that prevents the clotting of fibrinogen. Human semen clots and 
liquefies shortly afterwards. In man the prostatic secretion contains a 
fibriiiolysin. The semen of some species with vesiculae seminales, e.g., the 
horse and bull, does not coagulate, so there must be species differences in 
the composition of the fluids secreted by the accessory organs. Our knowl- 
edge of the biochemistry of the constituents of semen is scanty, and much 
remains to be learned in this field. So far little is to be found in the literature 
except general analytical data and pH determinations for a very few species 
of domestic mammals. It is interesting to note that human semen is much 
more highly buffered than Is that of any other species which has been 
examined (Willett and Salisbury). This fact may be related to the high 
acidity of the female reproductive tract, thus protecting the spermatozoa 
from its influence. 

The epididymis is the storehouse of spermatozoa and so, to a lesser extent, 
is the enlarged ampulla of the vas deferens found in some species, e.g., in 
the bull, though motility in this region lasts only 72 hours. Young has shown 
that the fertilizing power of spermatozoa taken from the head of the epi- 
didymis is less than that of spermatozoa taken from the tail. It is believed, 
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therefore, that, as they travel through the epi<!i(Iyinis csseuiial matura- 
tion process takes place. The time taken for this peissage is aixmi 3] weeks. 

Slijper has studied the structure of the penis in its rdatiop. ti/ tSie duration 
of coitus. He has classified the typCvS uf peUiS as lullows: 


Indiderent type 

Roden tin 

Eden taui 

Moik lately liki 

Fibre jclastic type 

Sclondonlia 

(Roniinants) 

Cetacea 

Very Itu*!’ t 

Vascular type 

Pcrissodactyla 

Mudi raJely 


(Caniivura ) 

Primates 

(ChiropteiM, 

Insectivora) 

ltm:4 coit::' 

Intermediate type 

Subun.L’iilala 

(Probohcidea, 

Sirenia ) 

Ne( 4>unodr>nlla 
(Suidae, i lippt«|u«tu- 
jukiac) 

fnlinjadeUt i 

0 -im». 





In many inseedvores the vagina is s-shapi-d diuriug the heal period, and 
the penis adapts itself to that shape. 

The work on bats, in which spermair^giiicsis and aedvify oi r tie interstitial 
tissue are not always synchronous, has helped irj prove tluit ilu” male hor- 
mone, testosterone, is die product of the Later. This uisMiciatiun tA die two 
testicular functions is interesting and deserves further Miiiiy irimi the point 
of view of the pituitary hormones involved, especially as work upon Ariicri- 
can and European species is not entirely in accord. 

The question of an annual period of rut in males also needis mure study. 
The males in some seasonal breeders, e.g., the Sciiirsdae, have a definite seavson 
in which the testes and accessory organs are active, cen’iespoiKUiig with the 
season of the female. Others, c.g., the ram, protiucc spcrinaunoxi all the 
year round, but in some breeds spermatogenesis is at a low ebb in summer. 
McKenzie has suggested that this condition is tluc to a parlial failure of 
the thermoregulatory function of the scrotum. It appears iu lie more frequent 
in breeds with a coating of wool upon this jiart of the body. 

In general, females are smaller than males. This is due to the elfect of 
estrogens upon the epiphyses of the long bones. The injection ui these bor- 
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moncs causes the latter to ossify ^ thus causing growth to cease, as Gardiner 
has shown. Rats kept unhrcrl remain smaller than their litter mates, since 
growth is resumed during pregnancy, probably because o£ the inhibition 
of estrogen by prog’cstcrouc. Ovariectoniized females, in which no estrogens 
are circii!aling\ grow to a larger size than do normals. It would be interesting 
to compare the growth curves of pscudohermaphroditic goats with those of 
normal males and females, since the first arc genetic females with a male 
hormonic consiitiiiion. 




PART II 


THE FABRIC 



MONOTREMATA 


ORNITHORHYNCHIDAE 
Ornithorhynchus paradoxus Blumcnbacli 
DUCivBILLED PLATYPUS 


T he female j^latypus begins to breed when she is i6 inches long, but 
whether this is during the first or second season is uncertain. The adult 
length is abuui inches. She breeds once a year, in July or August to mid- 
October, The breeding season is early in Queensland (July-August) and 
later in Victoria (Septciiiber-October). Early in the season the testes, the 
crural glands, and the scent glands of the males enlarge. Copulation occurs 
in the water (?), 

Only the left ovary is functional (2), and the eggs are always found in the 
left uterus (x). These arc round and are 3 mm. in diameter at the time of 
fertilizaiioa; they immediately grow by imbibition of water and become 
oval. The number shed is 1 to 3, usually 2. As they pass down the oviduct, 
they receive a coal of albumen and a thin, leathery shell (3). In the uterus 
the eggs are apart, with the longer axis in the direction of the length of the 
uterus. At layitig, the female sejuats in the nest on her rump with her tail 
between her legs and hands to receive the eggs (i). As it is laid the egg 
measures x6 to 18 nim. X M to 15 mm. (3). When two are laid they soon 
join, side by side (i). The sticky material which causes them to cement to- 
gether is deposited in the oviduct (3). The average number of eggs or of 
young found in nests w'as 1.9 ±; .04 (i). 

Ovuiaticxn is folltjwed by the folding of the follicular wall, which reduces 
the size oi the cavit)^ This becomes partially filled with extravasated blood. 
The theca externa grows in to form lobule walls, and theca interna cells 
increase in numbers to Umn syncytial masses. The granulosa cells hyper- 
trophy and produce the lutein tissue. The fully formed corpus luteum is 
4.5 mm. X 3‘5 nxm. in diameter. Retrogression begins shortly before the 
eggs are laid and is accompanied by the invasion of numerous leucocytes. 
The formation of the corpus luteum in this, the most primitive mammah is 
typical of that of most species (4), 
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1. Burrell, H. The Platypus. Sydney, 19^7. 

2. Flynn, T. T., and J. P. Hill. Tr.ins. Zoo!. Soc., Lta-don, . 

3. Gatenby, J. B. Quart. I. Micros. Sci., (/.: .175- F'-';. ’ VC:. 

4. Hill, J. P., and J. B. Gatenby. Proc. ZocJ. Sue.. l-.nd-T. ;iv , 


ECHIDNIDAE 
Echidfia aculesta Sluav.’ 

In Tasmania the echidna breeds from near lire end. o* J:”:i ut tise i.euin- 
ning of September (i). It breeds once a year and. ijys one one. wincii is 
placed in the pouch by the mother. The pouch is visible in !;;e cn-brsn, but 
after hatching it is lost to sight until the beginning of tb.e dns: lit',.! { z j. Nor- 
mally one egg is produced, although there were oa'ejcifU:. in. c.:.ses. 
Both ovaries are functional, contrary to e.ulier st.iiintems. 'llie jw-esage 
through the oviduct is rapid. The first polar litidy is give:! cdl ui {’u'.' ovary 
and the second in the oviduct. With its coating of jiiisttnicn rujd. .-.in 11 siu; egg 
is 4 mm. in diameter (i). 

The oviduct consists of an infundibulum, a neck, an*! an albumen- 
secreting layer. The infundibulum b lined with tall. cnb!:r.5t..t, istcuiliiUed 
secretory cells and with ciliated noasccretory cells. Tbi llnit! futrn :bc .sccjc- 
tory cells is clear and is secreted prior to ovuiaiion.. It is very pleuiifu! .and 
fills the space between the ovary and the infundibular metnbia.u'.f. The neck 
contains gobletlike mucoid ceils, which secrete just before the egg leaves 
the follicle and early in fertilization. This secretion is not plentiful. The 
albumen-secreting cells produce two layers which cover the egg. Tiie first 
layer is dense and is deposited during passage through the upjier tW(.» thirds 
of the tube. It is produced mainly during the fertilizaiinis si.tgi.?-. The lower 
third produces the second layer of albumen, which is more iktid ;ind i.s .small 
in amount. This part of the oviduct is glandular, contaujssig convolarai 
tubular glands as well as the secretory epithelium. T‘he glmds secrete befttre 
the ovum leaves the follicle, and the fluid is stored in lire htmen ( V). 

At the tubo-uterine junction arc more glands, which, with the glands of 
the tube, deposit the two-layered shell. The .shell material is secreted by the 
basal part of the glands, while their middle and upper region.s .secrete a kind 
of uterine milk (3). 
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1lu* intnMittrinc ai innihntk)n of the egg is said to be about 28 

d:?>s (j^), b:;t iltc tvhh'Uvt, only lu.stifics the condiision that it is between 12 
and 2S dn}>.. 

T. Flvan, ‘T. 1 “.. c-n ^ I- l\ Hi:!. Zno!. Soc., Lonrkni, 24: 445-622, 1938-40, 

2. F. \V, In t* An,.!!:ih,:n B«r-h. L-‘ntinn, 1899. 

Hil]. I. 1'i.e.n Si,w. LnniUM'i. 25: 1941. 

2. IkiH'U:. It f’o'-n Uiu\ S^s:.. Ne^.v S>)u\h Wales, 10: 576-577, 1895. 
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T OO little is known of reproduction in the marsupials to make any 
definite statements, but the pattern is not uniform. In general, the 
behavior of families of these animals appears to resemble that found in the 
corresponding Orders of Eutheria, an interesting extension to the physiulogh 
cal sphere of the anatomical adaptations which have arisen in the Order. 

Most, if not all, species have a fairly restricted breeding season, llie chief 
peculiarity found in the Order is the wcll-knowm one that die young arc f)orii 
in a very immature state after a short gestation. Development is cominued 
in the pouch, the growth of which is mainly under the inliuence of cstr<\gcns 
and, to a lesser extent, of progesterone. More work is needed upon this 
problem. 


Polyprotodontia 

DIDELPHIDAE 
Didelphis azarae Tomes 


The q'cle of this marsupial lasts for about 7 days. The heat pt-riod, in tlic 
absence of the male, is not followed by a corpus lutcum but by follicular 
atresia. The diestrous vaginal smear contains mainly leucocytes, vvliich are 
not altogether absent at any time, but at the time of heat cornificution of 
the wall sets in (1). 

I. Martinez-Esterre, P. Compt. Rend. Soc. Biol, Paris, 124: 502-504, 1937. 
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Dhidp/iis tirginmia Kerr 
Yllii'dyiAK OPcjSSUM 

In Tcxah :h€ hricAuv,i .seavm ul the Virginian opossum begins in January 
and Ia?»ls to (Xaorx-r, am a.ncstroiis period in November and December. 
Vhe females are vnhi^ivuiir. and have at least two litters a year (i). The 
cycles recur at a/no:;: j'S days, and heat lasts i to 2 days (2). Ovulation is 
spontcnciius f'y) .a’td pruiKioly ca.curs early in heat (2). The ova pass through 
the oviducts :n 24 !:nui> or little less. The average number o£ eggs shed 
is 22, and un reriv,jva: cd unc ovary the remaining one sheds a larger number 
of eggs { Va 'he average' lunnher ul young born is lo, range 8 to 12 (4). The 
duraiion of gestaiiun is 12* - thus and the young are burn very immature (3). 


fILVrulAKiV OF TllK FEMALE TRACT 

OF.FI\V 7 dV. Duriitg anesimni the ovaries are very small and are packed 
with I’oIliCes na^stly In u state of: atresia. Nti corpora lutea are present at 
this lime. The Inienn? readies full size by 3 days after ovulation. It is 

muintaineil fur 7 H d.ays. then it becomes a dirty yellow because of its 
lessened vesculirity, tiiul irv 2.0 diays it has almost disappeared (2). Six per 
cent of Imve accessory ervariaa tissue as stalked outgrowths from 

the ovaries (5K The ovarits are unique in die frequency of polynuclear ova, 
found in 95 per cent, and of nulyovular follicles, found in 60 per cent of the 
ovaries studied ( 6 ). 

VAGINA. The vulva is within tlic rim of the cloacal aperture. There are 
a blind median vaginal canal and lateral ones shaped like interrogation marks. 
Spermatc/Zi)a travel up the lateral canals, and birth is by a temporary connec- 
tion belween the iiierus and the median canal (3). The latter is lined during 
ancsiruin with au epiiludiiinu 5 ri cells ilcep, of low cedumnar cells becoming 
Iki next die linurm Ai priest rum this grows iu 12 to 15 cells deep, Miloses 
are alniiidaiit imd no kua levies are presetit. The vaginal smear consists mainly 
of large nucleaict! cells, Ai heat comification sets in, with massive desquama- 
tion late in ihe periad. There are no epithelial cells or leucocytes in the 
estrous smear, only cornilied cells. During metestrum leucocytes invade the 
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epithelium and appear in the smear. By 4 to 5 days epithelial cells have re- 
appeared, and the smear also contains an occasional leucocyte as well as 
vacuolated epithelial cells. The lateral canals do not open until puberty. 
Sloughing in these organs is a more continuous process than it is in the 
median canal and is not limited to the end of heat. Cornification begins a 
little earlier; few leucocytes appear and most of the removal of debris is 
done by bacterial decomposition (2), During heat these canals are greatly 
distended byt clear, thin, stringy mucus; jmt after heat they retrogress and 
are filled with a dry, cheesy mass of cell debris (3). 

UTERUS, During proestrum the uteri are large, vascular, and turgid. 
After ovulation they swell and reach their maximum size at 5 to 6 days, 
while they are reduced by 13 to 15 days. In anestnim the glands are straight 
or slightly coiled, and the uterine epithelium is low columnar or cuboidal. 
During heat the endometrium is more vascular and is edematous. Mitoses 
are present in the epithelium, which tends to become pseuJo.st ratified. The 
glands contain ciliated epithelium. In heat the glands arc greatly coiled, their 
lumens are enlarged, and the epithelium is actively growing anti is pseudo- 
stratified. During the lutein phase conditions are much the same, but there 
are fewer mitoses in the glands and the epithelial nuclei are basal In later 
stages the capillaries are exceptionally large. At 15 days the endometrium 
is invaded by leucocytes, and by ao days the uterus has returned to the rest- 
ing stage (2). 

The tubo-uterine junction has no folds of mucous membrane but is pro- 
tected by a sphincter. The last 3 to 4 cm. of the tube contain numerous glands, 
and the lumen is much wider than it is in the Eutheria. lliis portion is ex- 
tremely tortuous, and it enters the uterus at the side, opposite the mesen- 

tery (7). 


PHYSIOLOGY OF THE FEMALE TRACT 

Ovariectomy is always followed by the death of the einhrj-os iiccause of 
the collapse of the central layer of the endometrium (8). 

The ovaries may be stimulated to secrete estrogens by the injection of 
P.M.S, if this is done from 100 days of age onward. Ik-fore this age the. 
response given is the precocious conversion of embryonic egg nests to 
primordial follicles (9). 
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THE MALE 

Spermatozoa are present in the testes o£ males at all times of the year (i). 
The testes increase in size from the age of i6 days to 6o days, then more 
slowly from 83 days to maturity. The seminiferous tubules are quiescent to 
day 100. Spermatozoa are present by 8 months^ and androgens are secreted 
by 5 months (10). 

Castration at 22 days of age is followed by typical prostate vdifferentiation 
(11)5 and the same is true for Cowper's glands and Bartholin’s glands, at 
least for the first hundred days (12), but sex hormones do stimulate growth 
and histological differentiation (13). Young males treated with P.M.S. secrete 
androgens by the seventieth day of life or a little earlier (9), 

As the young are born in a very immature condition, they afford a good 
opportunity to test the action of androgens and estrogens during what, in 
other species, is embryonic and fetal life* Androgens only mildly stimulate 
the Wolffian ducts in males, but in females the effect is greater and the 
ducts are preserved in an atypical manner. The effect on the Mullerian ducts 
is slight in the male, but extreme stimulation results in the female. Cessation 
of treatment is not readily followed by involution. The development of 
the prostate in males is markedly hastened and it is stimulated in the female, 
but there is little effect upon the testes and ovaries. Phallic stimulation is 
marked in bcjth sexes, and the clitoris becomes a typical penis with a bifurcate 
glans (14). 

Estrogens are decidedly toxic. The Wolffian ducts are stimulated in both 
sexes, more so in the male than in the female. There is localized stimulation 
of the Mullerian duct in the male. In the female it is precociously stimulated, 
with glandular development. Tremendous hyperplasia of the urogenital sinus 
occurs in both sexes with metaplasia and sloughing of cornified cells. There 
is no appreciable effect upon the testes or ovaries. Prostate development does 
not occur in males, but previously formed prostatic outgrowths grow to 
enormous proportions (14). 

r. Hartman, C. G. J. Morph, and Physiol,, 46: 143-2x5, 1928. 

2. Hartman, C. G. Anat. Rec., 32: 353-421, 1923-24. 

3. Hartman, C. G. Smithsonian Report, 347 "" 3 ^ 3 > 

4. Grinnell, J., J. S, Dixon, and J. M. Linsdale. Fur Bearing Mammals of California. 

Berkeley, 1937. 
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7. Andersen, D. H. Am. J. Anar., 42: 255“-305, 1928. 

8. Hartman, C. G. Am. J. Physiol., yi: 436’~'454, 1925. 

9. Moore, C. R., and C. F. Morgan. Endocrinol., 32: 17-29, 1943. 

10. Moore, C. R., and C. F. Morgan. Endocrinol, 30: 990-999, t9.p. 
ir. Moore, C. R. Anat. Rec., 80: 3x5-327, 1941. 
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13. Rubin, D. }. Morphol., 74: 213-282, 1944. 
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Other DIDELPHIDAE 


SPECIES 

BREEDING 

SEASON 

SEASON 

OF 

BIRTH 

NO. 

OF 

YOUNG 

HAlSlTAi; 

ETC. 

Chironecics minim us 
Zinimcrmann 


Dec.-fan, 

(( 'ahrera and 
Ycpcs) 


S. America 

C panamensis 
Goldman 

Water Opossum 




(Y*nt. America. 

A p(Mich h pres< 
ciU in the male 
(Enders) 

Didelphis anrita 

Wied 

l\vo 

seasons: 
Junc-July, 
end Oct. 

(Hill) 


!> 

S. Amerua,. 

CJne record 

D. marsupialis L. 



2-7 

Cent. America 
(Enders) 

Marmosa uthmlca 
Goldman 

Breeds 

once a 
year, late 

Feb, or March 
(Enders) 



Cent. America 

M. murina L. 



10 

Cent. Aincrica. 
One rec*ord of 
pouch young 
(Endei’s) 
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Other DIDELPHIDAE {Continued) 


sPEc^irs 

iUtEKDINt; 
Sr,AS( )N’ 

SEASON 

OF 

Burm 

NO. 

OF 

YOUNG 

HABITAT, 

ETC. 

Mi’tih-l’irops opf-miini L» 

Apr.-July 
(Fin duns) 


2-8 


Mi^tachirus tmdicaudjftis 
Geoff roy 

Brown (Jpossuin 



1-3 

Cent. America 
(Enders) 


DASYURIDAE 

ChaetocercHS (Amperiu) cristicauda Krefit 
POUCPIED MOUSE 


KrelTt's pouchcil mouse breeds from June to September, and seven young 
are usually born at a time. The female has practically no pouch; the young 
cling U) her tiipplcs for consitlerably over a month, and she staggers round 
with this burden (j). 

I. Wood-Jont'S, F. The Nfaminals of South Australia. Adelaide, 1923-24. 


Dasyuriis vivernnus Shaw 
MARSUPIAL CAT 


The marsupial cat is mone.strous and has one season a year, from late May 
or early June to early August, but the male does not appear to have a cor- 
responding rutting season. Proestrum lasts 4 to 12 days and heat i to 2 days. 
Ovulation is spontaneous, and it occurs about 5 days after copulation or 
heat. The duration of pregnancy is therefore rather difficult to determine, 
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but it probably lasts 8 to 14 days. In its absence pseudopregnancy ensues (i). 
The number of eggs shed varies from 20 to 35 20 to 25 as the usual 

number (2). The number of embryos is correspondingly high, and as the 
number of nipples in the pouch is usually six a considerable wastage of 
embryos results (i). The young remain attached in the pouch for 7 to 8 
weeks (3). The diameter of the egg averages 0.24 mm. (2). 

The ripe graafian follicles are borne on projecting bosses, and when they 
rupture they decrease in size. There is but little intrafolliciilar hemorrhage. 
The corpora lutea grow in 3 days, are yellowish white, and persist for the 
greater part of lactation, about 7 to 8 weeks, after which they decline (3). 
It is practically impossible to distinguish two thecal layers, the whole struc- 
ture resembling theca externa. There are no mitoses in the developing corpus 
liiteum, and the theca produces connective tissue only (4). 

Proestrum is marked by an edematous swelling of the lips of the cloacal 
aperture, and the pouch enlarges somewhat and becomes tumid as the result 
of the enlargement of the sebaceous glands in liiis area. The sweat glands 
enlarge and coil, causing the interior of the pouch to become moist and 
somewhat sticky. The uteri enlarge, vascularity increases, and the glands 
are coiled in the basal portions of the endometrium. The uterine epithelium 
is low columnar and is in a stale of active mitosis. Leucocytes arc abun- 
dant (i). 

The changes during heat arc a coniimiation of those «)hserved in proestrum. 
The glandular epithelium is ciliated throughout. In the postestrous period, 
between heat and ovulation, the uterine condition is maintaiiiecl, but the 
cloacal swelling gradually subsides. The first polar body is extruded while 
the egg is still in the ovary (i). 

In pseudopregnancy the pouch continues to enlarge, and the development 
of the sweat and sebaceous glands reaches the level observed during preg- 
nancy. Toward the end of the period the female often cleans out the pouch 
in the manner of the pregnant animal, as a preparation for the reception 
of the young. The uterine glands become very contorted and enlarged, so 
that the condition resembles the extreme lutein reaction ()bserved in rabbits 
during pseudopregnancy. The epithelium is tall coluiniian At the end of the 
period much cellular desquamation into the gland ducts occurs, au<! the 
uterine epithelium undergoes the same change. Leucocytes are abundant 
but there is no extravasation of blood. The duration of pseudopregnancy is 
probably about two weeks (i). 

Copulation is very prolonged, up to about two hours, and spermatozoa 
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remain alive in the oviducts for about 2 weeks, an unusually long time 
which is probably related to the delayed ovulation in this species (i). 

1. Hill, J* P., and C- I L 0 *Donoghiie. Quart. J. ^^icros. Sci.^ 59: 133-174, 1913, 

2. Hill, I. P. Quart. P. Micnib. ScL, 56: 1-134, 1910-ir. 

3. Sanders, F. P. Prnc. Linn, Soc., New South Wales, 28: 364-405, 1903. 

4. O’Doiioghue, C. H. Anat. Anz., 41: 353-36S, 1912. 


Other DASYURIDAE 


SPECIES 

BlUiEDING 

SEASON 

NO. 

OF 

YOUNG 

GEST.tTfON 

PERIOD 

HABITAT, 

ETC. 

Antechin o mys Liniy-fr 

Gould 

Jerboa Pouched Mou‘?e 


6-8 



Dasyurus geoffroy: 

Gould 

Marsupial Cat 


6 



MyrnJccoNns ftLuiattts 
Waterhouse 

Banded An tea ter 

Junc-July 

(foues) 

4 


No pouch 

Sarcophiitis ursinus 

Harris 

Tasmanian Devil 


4 

31 days 


Smi 7 Hhopsis axh^sieaudatj 

Gould 

Jiinc-Iuly 

(Jones) 





Fat-tailed Pouched JVfouse 


PERAMELIDAE 
Perameles nasUita Geoffrey 
BANDICOOT 


The bandicoot has no vesiculae seminales and no ampulla to the vas 
deferens. Spermatozoa can be found in the urine (i). 

r. Bolliger, A., and A. L. Carrodus. Med. J. Australia, 25: 1118-1119, 1938, 
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Other PERAMELIDAE 


SPECIES 

BREEDING 

SEASON 

NO. 

OF 

YOUNG 

HABITAT, 

ETC. 

Choeropus castanotis 

Gray 

Pig-footed Bandicoot 

June 

(Jones) 

2 


Perameles eremiana 
Spencer 

Desert Bandicoot 


2 


P. myosum 

Wagner 

Barred Bandicoot 

May-June 

(Jones) 

usually 

2 


Isoodon obestdus 

Shaw 

Short-nosed Bandicoot 

June 

(Jones) 

4 


'Thalacoinys hucurus 
Thomas 

White-taiied Bilby 

^farch™Xfay 

(fone.s) 

1-2 

In central area of 
S. Australia rain 
and food supply 
rc.uulalc breeding 


Diprotodontia 

PHALANGERIDAE 
Trichosurus vulpeada Kerr 
AUSTRALIAN OPOSSUM 


The Australian opossum has two breeding seasons a year, in March anti 
August. Birth occurs i6 days after mating, and the yttung remain in the 
pouch for 5 months (i). The age of puberty is i year, and ilic number of 
young is one. The breeding season is said to be June in South Australia with 
possibly two seasons in some areas. The young leave the pouch in Septem- 
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ber (2). Ill fully grown nullipara the pouch develops in January and Febru- 
ary (3)- 

The male has no .seminal vesicles or ampulla to the vas deferens, and sper- 
matozoa may be ioiind in the urine (4). 

One injection of 900 LU. of e.sirone into the immature female caused the 
characteristic yellowish-brown discoloration of the pouch area. The latter is 
increased in size. In the nonbreeding adult 900 LU. had no effect, but 12,000 

I.U. caused pigment development (3). The injection of 5,000 to 50,000 LU. 
of estrogen into mature females caused the pouch to thicken and pigment 
to be secreted. The median vagina swelled, and its epithelium was keratinized. 
In parous females 200 LU. of estrogen caused the pouch pigment to de- 
velop (i). 

In pouch young, 3 months old, the injection of 2 mg. of progesterone once 
a week caused the pouch rudimenta to increase in size and orange-brown 
pigment to he secreted, but retrogression set in after 3 months in spite of 
continued injections. C'omplete pouch formation did not result as it did if 
estrogens were injected. In nulliparous females the injection of 2 to 5 mg. 
of progestcreme weekly caused the pouch to retrogress to such an extent that 
it practically disappeared. Similar injections of 5 mg. of progesterone weekly 
into a multiparcjus opt^ssum with a large pouch caused it to retrogress in 
3 weeks (5). The injection of progesterone into immature males caused the 
testes to ascend (fi). 

1. B{ 4 ligcT, A„ a!ui A. L. C^amHhis. Roy. Soc., New Soutli Wales, 73: 218-227, 1940. 

2. Junes, F, W. I 1 u* Xf.uunials of South Australia, Part 2. Adelaide, 1924. 

3. Bulliger, A, and A. j... Cairrodus. f. Roy. Soc., New South Wales, 71: 615-622, 1938. 

4. Bulligcr, A., and A. L. Carrodus. Xfed. J. Australia, 25: ii 18-1119, 1938. 

5. Bolliger, A,, aiid A. L. Carrodu.s. J. Roy. Soc., New South Wales, 73: 228-232, 1940. 

6. Bolliger, A., aoil A. L. Carrodus. Nature, 144: 671, 1939. 


Other PHALANGERIDAE 


SPECIES 

BREEDING 

SEASON 

NO. 

OF 

YOUNG 

HABITAT, 

ETC. 

Dram it 'a co n d n 

Probably poly- 



GoukI 

cstrous, poucli 

av. 5 


Elegant Donntmse 

young found Jan., 



Gpossuni 

July, Sept. 

(Jones) 




MAMMALIAN REPRODUCTION 
Other PHALANGERIDAE {Contintud) 


SPECIES 

BREEDING 

SEASON 

NO. 

OF 

YOUN<? 

HABITAT, 

ETC. 

Phascolarctos cinereus 
Goldfuss 

Koala Bear 

Monc.^trous 
annually, end 

Oct. Males rut 
at same time 
(Semon) 

I 


Pseudochirm coo1{i 

Ogilby 

Tasmanian Ring-tailed 
Opossum 


•usually 

3 


P, longinosus 

Gould 

Ring-tailed Opossum 

Early in year. 

Kfonestrous 

(foncs) 

nr 

Y(aing leave pouch 
end of April 


MACROPODIDAE 

Bettongia cmiatlus Ogilby 

RAT KANGAROC.) 


The rat kangaroo in Tasmania breeds at least from March to December, 
probably all the year, and is polyestrous. Ovulation is spontaneous, and one 
ovum is shed at a time. There is a postpariurition heat. Pregnancy is normally 
in alternate uteri, and while one is pregnant the other remains in a pseudo- 
pregnant state for the whole period. Lymph is expelled from this uterus just 
before parturition. The period of gestation is probably 6 weeks. Puberty 
is early, when the young arc reasonably free from the pouch (i). 

During heat mitoses are frequent in the ciulomctrium, the epithelial cells 
show vacuolar degeneration, the gland cells arc actively dividing, and the 
stroma is very edematous and is invaded by polymorphs. The cpithcliiim and 
glands arc strongly ciliated. In early pscudopregnancy (or pregnancy) there 
are no mitoses and fewer cilia and the glands arc convoluted and actively 
secreting. Later, the epithelium is low columnar, cilia are few, the number 






Plate IV. Uterus of guinea pig, changes in cycle. First: In heat, li 
and E. x6i. SecOfui: Ten days jHKStestrum. Note growth ami coiling of 
glands. H and E. x6i. Third: In heat. H and E. Fourth: Three 
days poscestrum. Note glandular cells full of secretion. H and E. xjno. 
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of capillaries increases greatly, and the glands straighten near the surface 
and remain convoluted near their bases. Then the epithelium disintegrates, 
a great invasion of leucocytes occurs, and connective tissue ceOs move up 
and replace the surface cpiiheliiira (i). 

I. Flynn, T, T. Proc. Linn. Soc., New South Wales, 55: 506--531, 1930. 


Caloprymnns campestris Gould 
RAT KANGAROO 


The male has no vesiculae seminalcs or ampulla to the vas deferens. Sper- 
matozoa are found in the urine (i). 

1. Bolligcr, X., and A. L. Curnulus. Med. J. Australia, 25: 1118-1119, 1938. 


Other MACROPODIDAE 


BREEDING 
SPECIES SEASON 

SlsASON 

OF 

BIRTH 

NO. 

OF 

YOUNG 

GESTATION HABITAT, 
PERIOD ETC. 

Betion^ia Icsi^ctiri 

Quoy and Gainard 


July 

.r 


Leaves pouch, 
in Nov., after 
a pouch life 
of nearly 4 
months 
(Jones) 

Hypsiprymnodon moschatus 
Ramsay 

Australian Muskrat 



2 



Macropus juU^inostts 
De.sinarest 

Sooty Kangaroo 

Once a 

year 

(Jones) 

Jan., re- 

mains in 
pouch until 
Oct*. 

I 



M. gjganteus 

Zimmerman a 

Once a 

year 

(Jones) 


I 

38-40 

days 
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Other MACROPODIDAE {Continued) 


SPECIES 

BREEDING '‘'EA-NIN 

BIRTH 

NO. 

OF 

YOUNC; 

GESTA’nON HABITAT, 
I'HRIon ETC. 

A'/. ruficolUs 

Aug.-Sept. 



Desmarest 

and Dec.™ 


days 

Wallaby 

Jan, 




(Hill) 



M. mjus 

Once a 

1 


Desmarest 

year 


days 

Red Kangaroo 

(Jones) 



A/. {Thylogalc) ettgemi 

Once a 

I 


Desmarest 

year 



Scrub Wallaby 

(Junes) 



Petrogale pcarsoni 

eaves i>oucl 

1 


Thomas 

Nov.-Dee. 



Pearson Island 

(Junes) 



Rock Wallaby 




Potorous tridactyhis 


t 

Probably 

Kerr 



f) v.H'eks 



INSECTIVORA 


T he insect ivores need much more investigation^ especially as the little 
that is known reveals some interesting patterns. This is particularly 
so in the families whose position is somewhat uncertain: those which are 
placed by some in tliis Order and by others in the Primates. In certain species 
of Elephantiihis, for instance, much larger numbers of eggs are shed than 
embryos develop, the condition resembling that found in some marsupials, 
while the bleeding frf)m the ulerus, probably at the end of diestrum, may 
bear some relationship to the primate menstruation. Induced ovulation is 
probably rather frequent in some families, c.g., in the Soricidae. Another 
interesting point is that the corpus liiteum of pregnancy does not seem to 
he of much impr^rtance in the maintenance of gestation. The interstitial gland 
in female liuropcan nir^lcs, witli its growth parallel to that of the clitoris 
in the nonbreeding season, deserves further study. Its embryology and the 
possibility of its occurrence in other Talpidae are worth investigating. Alto- 
gether this Order a}qiears to offer a more fertile field for study than any 
other. 


MACROSCELIDIDAE 
Elepbantulus myurus Thomas and Schwann 

The classification of the South African elephant shrews has presented 
some difficulties to the sjestematists. Allen (i) gives two subspecies of Efc- 
phanttilus rupestris A. Smith, namely, jamesoni and myurL Van der Horst 
gives the names of the subspecies with which he works as B. myurus jamesonu 
He states that E. rupestris sheds only 2 eggs at a time (2), while E. myurus 
jamesoni sheds about 120, so the classification used by him is probably more 
nearly correct. 
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Other MACROPODIDAE {Continued) 


SPECIES 

BREEDING 

SEASON 

SEASON 

OF 

Biini-i 

GESTA-noX HABITAT, 

voii.i 

M. rtificolUs 

Aug.-Sept. 


JO 

Desmarest 

Wallaby 

and Dec.- 
Jan. 

(Hill) 


days 

M, rtifus 

Once a 



Desmarest 

Reel Kangaroo 

year 

(Jones) 


( j ays 

M. {Thylogale) m genii 
Desmarest 

Scrub Wallaby 

Once a 

year 

(Jones) 


I 


Petrogaie pearsorn 
Thomas 
Pearson Island 
Rock Wallaby 

Potoroiis tridactyhis 
Kerr 


Leaves poiicli 

Nr^v.“-^>cc. 

(Jones) 


PinlsiMy 

h works 


X 



INSECTIVORA 


T he inscctivorcs need much more investigation, especially as the little 
that is known reveals some interesting patterns. This is particularly 
so ill the families whose position is somewhat uncertain: those which are 
placed by some in this Order and by others in the Primates. In certain species 
of Elephantifhis, for instance, much larger numbers of eggs are shed than 
cml)ru)S i.levelop, the condition resembling that found in some marsupials, 
while the l>leeding from the uterus, pru!>ably at the end of diestrum, may 
bear some relationship to the primate menstruation. Induced ovulation is 
probably rather frequent in some families, e.g., in the Soricidae. Another 
interesting point is that the corpus luteum of pregnancy does not seem to 
be of much importance in the maintenance of gestation. The interstitial gland 
in female European moles, with its growth parallel to that of the clitoris 
in the iiraihrecding season, deserves further study. Its embryology and the 
possibility of its occurrence in nrher Talpidac arc worth investigating. Alto- 
gether this Order appears to oiler a more fertile field for study than any 
other. 


MACROSCELIDIDAE 
FJephantulus mytirus Thomas and Schwann 

The classification of the South African elephant shrews has presented 
some difficulties to the systematists. Allen (i) gives two subspecies of Ele- 
phanttilu$ rupestris iV, Smith, namely, jamesoni and tnyuri. Van der Horst 
gives the names of the subspecies with which he works as E. mynms jamesoni 
He states that E. rupestris sheds only 2 eggs at a time (2), while E. myurus 
jamesoni sheds about X20, so the classification used by him is probably more 
nearly correct. 
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These shrews have been found pregnant in September in South-West 
Africa and in April and May in East Africa. The number of young is i 
to 2. The testes are internal; the penis is abdominal, long, very slender, and 
vermiform (3). The species is apparently seasonally polyesiroiis (4). Up to 
60 ova are shed from each ovary, but only one is lound in each horn. 1 he 
eggs pass rapidly through the first part of the oviduct and collect within a 
swelling of the central part of this tube, remaining there for some time, 
after which they pass rapidly through the remainder of the tifnc. The central 
portion of the oviduct, termed the egg chamber, is nonciliatcd. Transport 
through the last part is by means of weak muscular contractions (5). The 
embryos remain at the 4-celI stage until they are implanted (6). Bleeding 
and desquamation occurs from a polyplike growth in the uterus apparently 
at the end of diestrum (4). 


THE FEMALE TRACT 


OVARY, The amount of fluid in the graatlaii follicles diminishes before 
ovulation until it remains as a narnnv rim lietwccn the cumulus or)|flioron 
and the granulosa. The latter layer enlarges and its cells bcgiii to luteinize 
before ovulation (7,8). The theca cells enlarge and muhiply, hut only in the 
deeper part of the follicle. x\s ovulation apprcvachcs, the grarmlosa cells at 
the cap of the follicle move toward the interior. At ovuhuicai this attenuated 
cap tears off, and the contents of the follicle bulge (nil and spread over the 
surface of the ovary, so that the contents of the numerous everted follicles 
tend to fuse. The theca grows outwards as a core to each corpus luteum, and 
the whole structure becomes more convex, giving the peripheral layer a 
compact appearance. Germinal epithelium grows over the lutein masses. 
Gradually the thecal cores diminish in amount, leaving a layer of granulosa- 
lutein ceils covered by one of germinal epithelium. These changes have not 
been accurately timed, but the last stage is readied before the iiicrinc polyp 
is formed. The lutein tissue is fully encapsulated fliiring the polyp stage, 
and the corpus luteum is degenerating when it begins to show necrotic 
changes (see below). The mode of vascularization of iht? lutein cells is be- 
lieved to differ from that found in other rnanimals as groups of 4 or more 
cells are arranged in close relation to a capillary loop in contrast to the usual 
investiture of each cell with a capillary network of its own (8). 

UTERUS, In the immature elephant shrew the uterine epithelium con- 
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sists of low columnar to cubfiiclal cells with compressed nuclei arranged so 
that the epithelium has a pseudostratified appearance. The stroma has a 
narrow suhcpithclia! ceiluhir zone 15 to 20 thick, and the cells are basophilic, 
The glands arc shallow. In anestrum the appearance is the same except that 
secretion is found in the lunien of the uterus and the glands appear to be 
cystic (4). 

The estrogenic phase at the beginning of the breeding season is marked 
by great edema of the endumeirium, particularly in its basal portion. The 
glands increase in length, but remain straight; the cells divide and enlarge. 
As heat progresses, the edema spreads toward the lumen of the uterus, and 
the stromal cells become vacuolated; late in heat polymorphs invade the 
endometrium. At ovulation red blood cells are extravasated in the region 
of the thickened stroma, i.e., in the superficial layer (4). 

During the lutein phase the edema slowly subsides, earliest from the 
superficial layers in which it has appeared last. The epithelium is high 
etdumnar and pseudostratified; the glands become coiled. When the corpus 
luteuni l)egins degenerate, the uterine muscle contracts, and a polyplike 
body develops as part of the endometrium projecting into the lumen from 
its niesomctrial pole. It is accompanied by considerable local edema, and 
the glands dilate. The epitlielial cells become exceedingly tall, and the poly- 
morphs which had previously invaded the endometrium disappear. Eventu- 
ally the grtnvth fmins a pendulous ma>ss hanging down into the uterus (4). 
This structure does not develop if pregnancy and implantation occur so that 
it is essentially a part of the cyclical changes (9). 

At a lime which is evidently the end of diestrum, the capillaries in the 
polyp dilate and lacunae appear in the subepithelial layer. Bleeding occurs 
into the glands, cellular necrosis sets in, and the structure enlarges because 
of the edema and bleeding* Then the epithelium ruptures, and the whole 
necrotic mass pours out into the lumen of the uterus. Regeneration is rapid 
and it may overlap the estrogenic phase, so that late in the season the uterus 
of the shrew in heat may present a very complex series of changes. The writers 
cited believe that this very remarkable series of changes may be a fore- 
runner of the menstrual changes found in the higher primates, and, in view 
of the disputed systematic position of this genus, the suggestion is interest- 
ing (4). Another interesting point is the partial resemblance between the 
formation and coalescence of the corpora lutea in this species and the way 
in which among New World monkeys they coalesce with the interstitial 
tissue by the disappearance of the thecal coat. 
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I£ coitus occurs and the female is fertilized^ most of the ova begin their 
development, but, as the area of possible implantation is limited, only one 
is implanted and develops. The remainder are mostly imprisoned in the 
upper part of the uterus by a strong contraction of the circular muscle and 
degenerate at the i-, 2-, or 4-ceIl stage (10). 

r. Allen, G. M. Bui. Museum Comp. Zool., Ilarvard College, S3: i“-703, 1^39. 

2. van der Horst, C. J. J. Mammoiogy, 25: yy-Bi, 19.14. 

3. Shortridge, G. C. The Mammals of South West Africa. Lontlon, 1934. 

4. van der Horst, C. J., and J. Gillman. South African J. Med. Sci., n: ay-ay, 1941. 

5. van der Horst, C. J. South African }. Med. ScL, 8: 41-49, 1943. 

6. van der Horst, C. J., and J. Gillman. South African J. Med. Sci., 7: 47-71, 1942, 

7. van der Horst, C. J., and J. Gillman. Nature, 145: 974, 1940, 

8. van der Horst, C. J., and J. Gillman. South .African J. Med. Sci., 7: 21-41, 1942. 

9. van der Horst, C. J., and J. Gillman. South African J. Med. Sci., 7: 134-143, 1942. 

10. van der Horst, C. }., and J. Gillman. Anat. Rec., 90: loi-ion, 1944. 


Other hlACROSCELIDIDAE 


SPECIES 

BREEDING 

SEASON 

Si-ASCJN 

OF 

BIRTH 

NO. 

OF 

voi:Nf : 

iiAiuiwi; 

v.rc. 

Elephantulus capensis 
Roberts 



,2 

S. Africa. About 120 
eggs released 
(van tier Plorst) 

£. intufi 

A. Smith 

Elephant Shrew 

Pregnant 
Nov., March 



S. Africa. l\vo eggs 
shed (van der Horst) 

E. rozeti 

Duvernoy 




N. Africa, Pectoral 
glands develop with 
testes (Long) 

Macroscelides proboscidezis 
Shaw 

Pregnant 
Aug., Sept. 


2 

S. Africa. Numerous 
eggs released 
(van der Horst) 

Nasilw hrachyrhynchus 

A. Smith 

Pregnant 
June, Nuv% 

April 

1-2 

Cent. Africa 

Petrodromtfs tctniduciylus 
Peters 

Pregnant 

Dec. 


1 

i.Viit. and S. Africa. 
One nr two eggs 
released 

(van der Mfirst) 



INSECTfVORA 


57 


CHRYSOCHLORIDAE 


SPECIES 


BREEDING 

SEASON 


SEASON 

OF 

BIRTH 


NO. 

OF 

YOUNG 


HABITAT, 

ETC. 


Chrysoc/:iom darthircfisis ApriHuIy July-Aug. 2 S.W, Africa 

Ogiiby (Brot>m) 

Golden Mole 


ERINACEIDAE 
Erinaceus europams L. 
EUROPEAN HEDGEHOG 


The hedgehog is said to be monestroiis with two seasons a year (i), and 
litters are bom in May-June and August-September (2). Ovulation is 
spontaneous, and the usual litter size is 5 (3)* The gestation period seems to 
be variable as two reports give 34 to 49 days (4) and 35 to 40 days (5), respec- 
tively. Elowevcr, it is difllcult to obtain accurate data as captivity is detri- 
mental to reproduction in this species. The earlier-born young do not reach 
puberty in their first year (3). 

The ovaries arc roughly U-shaped, bent round a thick muscular hilus, 
and are exceptionally well vascularized. They are completely enclosed in a 
tough capsule, and the stroma is fibrous with some fat-containing cells. Pig- 
ment is very common in both the ovaries and uterus, especially during the 
breeding seasons. During the winter anestriim immature ova only are found 
and follicular degeneration is especially marked. Besides the usual types 
of atresia, another occurs in which several small follicles collapse producing 
glandular-looking cell masses. In April the ovaries become active (3). 

There is a remarkable growth of the granulosa during the period of 
follicular expansion, and the preovulatory size of the follicle is 1.25 mm. In 
the absence of mating these cells fail to luteinize although normal vasculariza- 
tion occurs; blood is extravasated and fibrous tissue grows. The fully formed 
corpus luteiim of ovulation is 0.7 to 1.0 mm. in diameter; it contracts to 



58 


MAMMALIAN REPRODUCTFION 


0.5 mm. at the next ovulation and remains stationary at that size for some 
time, but the corpora remain separate, seldom becoming conlluciit as do 
those of pregnancy and of pscudopregiiancy. After copulation pseudopreg- 
nancy is frequent, and the corpus lutcuni then formetl is the usual type, with 
luteinization of the granulosa cells. This type grows to i.i-j.4 mm. The 
corpus luteum of pregnancy is similar to that of psciidopregnancy. New 
follicles grow and reach the size usual at cslrus, but they degenerate. The 
corpora of pregnancy and of pseudopregnancy often hexomc confluent, and 
they are very slow to retrogress. After copulation the general vascular condi- 
tion shows a marked increase. The ovum is 70 g in diameter f:j). There is 
no postparturient heat. 

The vagina is large and muscular; it remains at all times. In the 
upper part the lumen is large and the wall relatively thin; in the middle 
region it is more muscular, the lumen is much smaller, and a pair of large 
glands are present. 

The lower vagina is still narrower, with large lymph nodes and numerous 
accessory glands embedded in the wall. The vagina is greatly dilated during 
heat; it docs not subside during diestrum but does in pseudopregnant cycles. 
The inference may be drawn that the hedgelu^g is not truly mouestrous, 
but only appears to be so in the wild state. Hie f'piihtbld cycle is normal with 
growth, cornification, and sloughing, which is most marked in the upper 
vagina. The vaginal glands regress during anestrum (4). Theri’ is camsidera- 
blc secretion of mucus by the glands during the breeding season (i)- 

The horns of the uterus arc short, thick, anti muscular and at their jtinction 
lie almost at right angles to the cervix and vagina. Welliletined cervical 
fornices are present. No striking changes occur in heat or in the noncopula- 
tory cycle, but in proestrum new glands clevek^p from epithelial ingrowths. 
In pseudopregnancy the epithelium is much folded, there is slight growth 
and secretion, and the stroma becomes edematous. In pregnancy one finds 
some early epithelial destruction and extravasation blood and pigment 
into the lumen (3). 

The oviduct is bent round so that it lies against the tip of the uterine cornu. 
There is a conspicuous parovarium. 11 k- ciliatcil epithelial cells grow as 
estrus approaches, and after (wulation some cells sluugli olT and secretion is 
apparent, but none of the changes arc marked Tfic tube hcxnmcs eilema{(nis 
during the breeding season (3) , 

During the winter anestrum follicles will ripen and the reproductive tract 
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enters the eslrous condition if females are kept in the laboratory at a tempera- 
ture of 70 to 75 '' F. The temperature seems to be more important than in- 
creasing t!ie daily amount of light. However, ovulation rarely occurs among 
these animals (h). 

The male has a deiinite breeding season with spermatozoa from April to 
August. 1 here is no true scrotum but the testes descend into a perineal pouch. 
Tlie accessory organs are very large during the breeding season. In Septem- 
ber or Octol>er the whofe tract rapidly becomes smaller and, after a period 
of dormancy, again increases in March of the following year. The seminal 
vesicles increase vsixtyfold in weight from anestrum to rut. In. the sexually 
active animal the reproduenve tract may represent 10 per cent of the body 
w^eiglit (2,7). The interstitial cells of the testis proliferate during the spring 
and begin to retrogress toward the end of July. In fall and winter this tissue 
is atropliic. The accessory organs parallel the interstitial cell development, 
and their involution is rapid after castration (8). Although spermatozoa 
are not produced during the nonbreeding season, some spermatocytes are 
always present, hut the male does not respond to the stimulation of laboratory 
conditions as ck^cs the female (7). 

1. Courrier, R. Conipt, Reiul. Soc. Biol, Paris, 90: 808-809, 1924. 

2. Marshall, F. H. A. J. Physiol, 43: 247-260, 1911. 

3. Dcansicy, R. Trans. Roy. Soc., I^ondon, 223B: 239-276, 1934. 

4. Mcrtcr, K. Zeif. f. Suugetierkundc, 8: 195-218, 1933. 

5. Ranson, R. M ]. llyg., 41: 131-138, 1941. 

6. Allaoson, M., and R. Deanslcy, Proc. Roy. Soc., London, 116B: 170-185, 1934. 

7. /\llanson, Ivi. Trans. Roy. Soc., London, 223B: 277-303, 1934. 

8. Courrier, R. Arch, de Biol, 37: 173-334, 1927. 
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SPECIES 

SEASON 

OF 

BIRTH 

NO. 

OF 

YOUNG 

HABITAT, 

ETC. 

A ethechln us fro fitalis 

A. Smith 

South African Hedgehog 

Summer 

usually 

2-4 


Atekrix pruncri 

Wagner 


4 

N. Cent Africa. 
One record 



Go 


MAMMALIAN RJ'.PRODUCrriON 


TENRECIDAE 
Tenrec ecmulatus Schrcber 


TENRHC 


The tenrec of Madagascar might be an interesting aniinai tu investigate 
as seven embyro counts range from i6 to 32, with an average Cif 21 (1,2). 

1, Randj A. L, J. Mamninlogy, ni: 1935' 

2. Goetz, R, H. Zeit. Gcs. Anat., I, Zeit. Anat. Ent'a ick. (L*bch., uM: 1937. 


TALPIDAE 
Condylar a crisiata L. 


STAITNOSED MOLE 


The star-nosed mole of eastern North America is hind to male in Novem- 
ber and to have two or more litters a season (i). lltc latter is nt>t certain as 
the young appear to be bom in a limited season, cxiciiding Irum mid-April 
to mid-June^ with most bora about the end o£ die first wee!; in Kiay (2)/llic 
average number of embryos is 5.8 ±: .2 with a range vi 4 10 7, and a mode 
of 6. 

The testes and bulbo-iirctliral glands enlarge late in January (2), which 
indicates that the record of mating in November may be in error. 

1, Seton, H. T. Life Histories of North American Animals, New Ytsrk, 1909, 

2, Hamilton, W. J., Jr. J. Mammalogy, 12: 345-355, 1931. 


PamscalopHS brciveri Baclunaii 


I-iAIRY-TAlLI<I) M01.1-; 


The hairy-tailed mole of eastern North America mates from the end of 
March to the first week of April and has one litter a year. The litter size is 
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usually 4, and thegusiation period between 4 and 6 weeks. The vaginal orifice 
is closed except during the reproductive season; it is open before mating 
.and is closed by Scjtr ember. 1 'hc testes are enlarged early in March, decrease 
rapidly to June. ai\d then gradually subside to their minimum size in Septem- 
ber and October ( t ) • 1 hese snolcs arc sexually mature in the spring following 
their birth (2). 

1, Eadie, W* R. !. yr. i5ff~i73, 1939* 

2. Hamilton, W. 1 ., Jr. Tlie Xfainnials af Eastern United States. Ithaca, 1943. 


TaJpil europam L, 


COMMON EUROPEAN MOLE 


In Great Britain the commc<n European mole breeds once a year, in spring 
or early summer (1), according to one report, but another gives the main 
season as lasting from the end of March, usually April, to early May* Oc- 
casionally later litters arc bc?rn in August or September (2). In Russia the 
season IS said to begin in mid-April and to extend into August, though most 
young arc born at ihc end r}f May (3). The average litter size is 3.76 ±: .07, 
with a standard deviadon of 0.84 and a mode of 4. The range is i to 6 (2). 
The vagina is closed except in the breeding season. Before it opens the sur- 
rounding area becomes purplish blue and congested; when it is open this area 
swells. These changes commence in Great Britain in the first half of March 
and are complete by the end of the month. The vagina begins to close im- 
mediately after parturition. The vaginal canal is a solid epithelial strand, 5 
cells thick, which increases to 6 to 15 cells as those at the center become strati- 
fied and desquamate to form the lumen. It closes by constriction of the 
surrounding muscle fibers. There is no os uteri, and the cornua open into 
a median uterovaginal canal which is open for about 15 mm. and closed for 
the caudal 3 mm. i\.s this canal grows in procstrum, it doubles in length 
and assumes a sigmoid curve. It diminishes in length as soon as the animal 
becomes pregnant (1). 

The oviducts lie mostly in the wall of the ovarian capsule. The uterine 
cornua increase in length during the breeding season, and, during heat, the 
blood vessels in the endometrium greatly develop, especially on the meso- 
metrial side, and on this side, also, the circular muscle hypertrophies (i). 



6 z 


MAMNIALIAN RF.PRDDLT.TIOK 


The ovaries arc remarkable bodies. A type oi tissue rcsc^lbl^^\^ interstitial 
tissue is massed separately from the true ovary. Ihc capsule forms the outer 
layer of the interstitial part and pouches the ovigenous part, v.'lnch. is covered 
by germinal epithelium. There is also some iuicrsnual onsiu: in the true 
ovary. Furthermore, in the uteri of a minonty oi rntaes, b. iu ved to he cTl 
ones, masses of tissue resembling interstitial cells are found. I lie ovarian iii' 
terstitial gland has a definite cycle, which is opposite its liiai oi the rest of 
the reproductive tract. It is least in size duriiig heat and m pregnancy, which 
lasts about 4 weeks. The clitoris is peniform and groves or ditiiiiiishcs with 
the interstitial tissue. The corpus kiieiim persists ilmiughoui pregnancy but 
disappears quickly during lactation (1). 

The testes begin their development in lanuary, V>y ihc end (jf March 
spermatozoa are present, but spermatogenesis begins to lessen at the end of 
April, and there us not much further activity mull the nUliAving |annary. 
The interstitial tissue of the testis is large and is haulied: in plasma from 
March to mid-ApriL At the end of this linu' thesi^ cells hemn lo he laden 
with yellowish-brown pigment. In May the pLisma 1 ms disappca.reil, and 
there is little further change until the Icdh ovine lann.uv, that the 

pigment dues not appear to persist throughout the nonbrct-dimg si-ason fg). 
The prostate and the corpus spongiosum enlarge fnan die end {^f fanuary 
and arc at their maximum at the end ()f .Marcli and the iieginning of April. 
They have diminished to their minima! size iiy tlie eudi uf >4.iy. 

T. Matthews, L. H. Proc, Zool. Lniuloiu e!r-‘d''U m-, u 

2. Barrett-Hainiltun, G. E. H. A Mistnry of l>rin''h M.man.iis L-mU- .n* foir., 

3. Baskirov, I. S., and J. V, Zarkov. Uccn. Zap. Kaaan ruiie, 04: lagl. 

4. Courrier, R. Arch, de Biol, 37: i73-*334, 1927. 


Other TALPIDAH 


SPECIES 

BREEDING SS:,ASON 

C.ESTAnON HAIUTAT, 

SEASON 

ivj’o. 


Biirni 

YOUNc; 

Ncurotrich tis ^ibhsii 

Fde-Sept. 

1-4 WcMc'rn 

Baird 

(Daiquiri 

N, America 

Least Shrew Mole 

and Greutt) 


Scalopas aquatlms L. 

IViid to end 

a- 5 Ai'Htii: e Na America, 

Common American 

Afarcli, possibly 

WL'tks c;ea o! 

Mole 

again in June 
(Arlton) 

Jb )d:k:s 
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Other TALPfDAE (Continued) 


spF-cjrs 

ni-.iri.Ln; 

i'.fK'l'li 

NO. 

Ol- 

YOlJNi; 

ttltSlATiON H-VBITAT, 
PERIOD ETC. 

SaipJKiid t>ni '.'A‘ ;; 

h: 1 ^ htH l.alc 

2 -.|, 

Northwestern 

jkichniaii 

lill.T a vuir March 

u.suaily 

U.S. 


55 » 

3; mean 


Talp:d 



Constant 

Thoniab 



presence of 
pluriovular 
follicle.^ 

(Bini) 


SORICIDAE 
Blarina brevicauda Say 
MOLE SHREW 


The Niirih AuuTk'.m shuri-tailecl shrew is sexually active from the first 
week ill iATruary. and the testes reach their greatest development in early 
April. The young are horn from mid-April to the end of May, and probably 
a second litter may be born in August-Septeraber. The male has a side gland 
which develops with the testes (1) . The litter size is 3 to 7, averaging 4.5 (2), 
but embryo counts from animals caught in the wild have given 6.6 rb .36. 
The duration of pregnancy is 17 to 20 days from the end of sexual recep- 
tivity (2). 

Ovulation is induced by coitus, and the female is in heat continuously for 
at least 33 days in the ab.scncc of the male. It requires several matings to 
induce ovulation, and, if sufficient are made, this occurs about 64 hours (55 
to 71) from lire time of the first mating. The follicles during heat are 0.35 
to 0.45 mm. in diameter. The antrum is small and the granulosa cells are 
large. After copulation the follicles increase slightly in size, and the theca 
becomes more vascular. I'en hours befirre ovulation the basement membrane 
below the granulosa layer disappears. The first polar body is given off, and 
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luteinization begins to push the ovum and a ball ol: granulosa cells surround- 
ing it out of the follicle. Spermatozoa oficn penetrate the ovum before it is 
extruded from the follicle. The size of the ovuni is 70 X So //.. 1 he corpus 
luteum sometimes has a small cavity at the point of ovulation, and mitoses 
are frequent in the cells around the edge of the corpus. Its maximum size 
is 0.75 mm. in diameter, and it degenerates when the embryers arc 7 mm. 
long. By the time of parturition it has almost or entirely vanished. Tiie average 
number of corpora lutea found was 6.1, and ol embryos 5.7 (2). 

Pseudopregnancy lasts 9 to 10 days from the lime of ovulation. There is 
no postparturition heat. Internal migralioji of blastocysts may occur; tbe 
ovarian capsule is usually closed (2). 

During aneslrum the vaginal lumen is usually closed and its lining con- 
sists of two layers of epithelial cells. At the time of heat it develops an abrupt 
flexure, sigmoid in the vertical plane, corresponding to that ul the penis. 
The epithelium becomes stratified, and mitoses arc abundant, both in 
proestrum and in heat. Cornification is well markcil, and there is a leucocyte 
invasion at the end of heat. The vagina is corniiied during laclatif >11 (2), 

During heat the uterine epithelium is tell columnar, with mitoses. Many 
leucocytes are to be found in the stroma, and they migrate to the lumen after 
copulation (2). 

The oviduct is ciliated at the ovimiui end, hut few can be li>und in the 
mid-region and none at the uterine end. They are eiuii'ely absent during 
ancstrum (2). 

The penis is sigmoid and has horny ridges or rings on tlie glans. The 
testes produce no spermatozoa from November to January, and during this 
time the penis and accessory organs are small. Growth begins late in January, 
and by late February spermatozoa may be found. There is less regression in 
winter in males which are kept in the laboratory than in tliose obtained from 
the wild. Both males and females breed in their first year if they arc born 
early enough; puberty in the male is reached in 50 to So days. The pectoral 
scent gland is developed in the spring, more so in the male than in the female. 
No copulation plug is formed at coitus (2). 

1. Hamilton, W. J., Jr. J. Mamtnalogy, 10; X24-134, 1929. 

2. Pearson, O. P. Am. J. Anat, 75; 39*93, 1944. 
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Sorex aranus L. 

COKfMON SHREW 

The common Old W ork! shrew has a breeding season from May to Septem- 
ber or October. The onset of the first heat of the season is gradual, and so 
is the season’s cessation, with a greater number of failures to become pregnant 
at the postpartiirition heat occurring as the year advances. Females which 
do not become pregnant pass into the lactation anestrum without the presence 
of corpora lutea in their ovaries. Breeding lasts longer in the southern parts 
of Great Britain than it does toward the north. No condition resembling 
pseudopregnancy has been observed. The average number of embryos is 6.45, 
and of corpora lutea 7.35. The litter size declines after July because of in- 
creased intra-uteriiie mortality. The period of gestation lies between 13 and 
19 days. Implantation appears to be delayed if the female is lactating (i). 

The ripe graafian follicle is 350 in diameter and the ovum 72 p. The 
corpus lutciim has a central cavity for a while, but little blood is found in 
it. The mature corpus is about 500 p in diameter, but retrogression sets in 
before parturition and is marked by the presence of mitoses in the luteal 
cells. At parturition the diameter is reduced to half. The ovary is surrounded 
by a closed capsule (i). 

Only the lo%ver part of the vagina is closed in immature females. The 
epithelium is intensely cornified during the first heat, and toward its end 
there is hyperemia and extravasation of leucocytes, which pass into the 
lumen. Cornification does not occur in the postparturition heats. The upper 
and lower parts of the vagina differ, with a circular fold at the point of 
change. The lower part is thinner and tlie wall more folded (i). 

The uterus has a single cervix, and but little glandular tissue can be found 
in the endometrium. There is a characteristic fibrous zone between the 
mucosa and the muscle in the uterus of the nonparous female. The part 
of the oviduct proximal to the ovary is ciliated. Changes during the cycle 
are slight, and secretion occurs only while the ova are in transit (i). 

Spermatogenesis begins in March and continues at least into November. 
The prostate is relatively large. The males do not breed in their year of 
birth; neither do the females, though they tend to display precocious sexual 
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activity in the fall. They apparcnlly die at the end oe their 
season (i). 

I. Brambcli, F. W. R. Trans. Rc»y. S(k., London, lo/.s. 


Sorex miniitiis L. 
LESSER SHREW 


The lesser European shrew begins to breed in miJ-Apri! in 
The season is at its height in June and is over in Ocoohir. The 
breed during their first year. The first heat is prultanged, \^^th 
fication and gradual hypertrophy of the sexual organs. d1ic !, 
average 330 /x in diameter, and the corpora hnea aHait ^73 /n ’ 
appear quickly. There is a postparturieni licai, and, ir liu' fi 
become pregnant at this time, lactation anc.strnm follows. L 
breeding animals do not survive beyi»nd their iirsi season : unM 
no fibrous zone is found between the enilotnciriurn and ihv i 
in young females. The average corpus liucum coimi is fi in 
embryos is 6.a (i). 

1 . Brambell, F, W. R., and K. IlalL Proc. Zuul. LuaiLn. os; .g 

Other SOIUCIDAE 


SPECIES 


BREEDING llKSl'/VTIOX 

SEASON P'lRIOD 

YOUNG 


Bhrtna telmalestcs Early .spring j-y 

Mcrriam to hue 

Dismal Swamp Shrew Sept, 

(Hanuhon) 

Croculnra caerulca All year 

Kerr (Sansom) 

Indian Musk Slirew 

C. desert-i Probably 3-5 

Schwann all year 

Desert shrew (Shorlridgc) 


hrs! breeding 


(jrcat Britain. 
\a)ung do not 
vagina! corni- 
araist ioHicles 
llic latter dis- 
'U.iie diocs not 
ilvC A. iirjnr.s, 
oe ihdi species, 
Perine miihcle 
’•g and that of 

•a (t‘r;?L 


MAITFAT, 

ETC. 


India 


S. AnT’a 
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Other SORfCIDAE (Contimted) 


SPECIES 

hnhrrjixG 

SEASON 

GESTATION HABITAT, 

YOUNG 

C. 

Pucheraii 

Gian! Dcscri Shrew 


(! 

“t 

Africa. One record 

Crypfot:^ pjrrj Say 
Small Short-tailccl 
Shrew 

All yea.r in 
i'loncla. 
Ahirch-W-v. 
air: her north 
\ ! 1 a’ nil ton) 

mean 

.22’ 

mode 5 

Eastern and southern 

U.S. 

Micro:>'nn''' /Ev yr 

Bain! 

Pygmy Shrew 

Sex era! litters 
a Year. Spring 
and suiiHiier 
(1 laniillnii) 

S'”/ 

N. America 

Myoso/‘(' i 

SnuitN 



S. Africa. One record 

KoilcfSorcx t ni’iVhn'J: 
Couc$ 


3 

Soiiihwestern N. 
America. One record 

Sorex c/r.y/fV/y Merriam 

Pulycstn tus 
( 1 lamiltnn) 

6-10 

Alaska 

S. dnerc^is Kerr 
Cominni'i Ajiierican 
Shrew 

I'ulyesircms 
except in xx’inler 
([ lannlton) 

4- JO 

Eastern and northern 
N. America 

S. dispar Baichcldcr 
Long-taileil Shrew 


2 

Eastern U.S. 

S, jumetfs Miller 

Smoky Shrew 

Late March- 
All g. Polyestrous 
(Flamilton) 

Av. 3 weeks 

5.5 or less 

Eastern N. America 

S, iongirostris 

Dacliman 


4 

Southeastern U.S. 

One record 

S. ohscunis 

Merriain 

Dusky Shrew 

May- Aug. 

(N.'a.F. 55) 

4 -S, 

usually 

6 

Western N. America 

S. palnstris 

Richardson 

Water Shrew 

Prokihly 
pol yes irons 

(Lortg) 

S'”? 

Northeastern N. 
America 
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Other SORfCIDAE (Continued) 


SPECIES 

BREEDING 

wSEASON 

NO. 

OF 

YOUNG 

CJES'fA'nON 

PFJUOl) 

HABITAi; 

E'fC. 

S, mgruns 

Baird 

Vagrant Shrew 

Jiilp'^Aug. 

6’-; 


Western N, Am erica 


TUPAIIDAE 
Ttipaia jamnka Horsficicl 
TREE SHREW 


The Javan tree shrew is said to exjicricnce prnestruus hicedinq (i), l>iit 
it is possible that this bleeding and uterine desi|iiaraa5i<Hi is tneii.struatifiiv 
like in nature (2,3). 

r. Stratz, K. H. Der gcschledilsrcifc SiuigdliicreicrsaKk. P'-qN. 

2. Hcrwerden, M. van* Piijdrage to! de kennis van iocnsina'clvn cy^'ln^ en piicrnerinnh 
Leiden, 1905. 

3. van der Horst, C. and J. Gillman. South African ]. Med. Sci*. o: 77-475 


GALEOPITHECIDAE 
Galeopithecns vohins L. 
FLYING LEMUR 


During proestnmi ( ?) the uterus of the M;ilay;ui flying k-inur is hypercmie, 
the capillaries are congested, and blood is extravastiied. There is a little local 
denudation of the epithelium which may occur in any part of the uterus (i). 
One young is born at a time (2). 

I. Herwerden, M. van. Tsjdschr. Ned. dierk. t'ercen., m: iQofi. 
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2. Blanford, W, T. The Fauna of British India, Including Ceylon and Burma. Mam- 
malia. London, 1889-91, 

Other GALEOPITHECIDAE 


SPECiKS 


GESTATION 

PERIOD 


Gakopitiwcus variv gains 60 days 

GeolTroy 

Flying Lenaur 



CHIROPTERA 


B ats living in temperate regions usually have one heat fjcriod and one 
pregnancy a year, but, in the tropics, iiiany species arc poiycsirous and 
may have more than one litter a year. The usual number ot )oung is i to 2. 

The most interesting feature in bats is the fact that, in some species, coitus 
occurs in the fall and the spermatozoa are retained as ;i mass in the uterus, 
remaining immotile until the spring. Ovulation and Icriilizaiion ihcn occur. 
This condition is believed to be peculiar to those i)ats living in temperate 
climates which hibernate during the winter. In s(anc vespcrtilit>nid hats only 
one ovary, usually the right, is functional: in iJihers, both appear to be 
functional, but pregnancies arc found only in the rlglit horn of the iiterus. 

An interesting feature in the males of hii)ernating spec!? s is that the in- 
terstitial cells and spermatogenesis appear io have an cpjKJsiic rhytlinn so 
that, although spermatogenesis ceases in winter, the eividiityiuis and. access(^’y 
organs are fully developed and spermatozoa are Mrawi until tbie spring, 'riuis, 
although pregnancy may result from spermatozoa siorta! in the uterus or 
vagina, renewed insemination in the spring is possible. In thc^e .*;pccies in- 
teresting results might be obtained, especially for the males, if diilereiitial 
assays and ceil counts of the anterior pituitary ^vere made ai various limes 
of the year. 


PTEROPIDAE 
Pteropm gcddiei MacGillivniy 
FLYING FOX 


This flying fox in the New Hebrides conceives in February and March, or 
possibly in June and July. The young are born froitt late August to early 
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September. I’here arc no pregnancies from November to January. The male 
is sucklcnly sexually ivuiiurc at bnu 54. nody weight. Spermatogenesis occurs 
all the year round, bu! the testes weigh least in July and most in January (i). 
The intersnn'al cells or fhv testes aa: most numerous and are largest during 
the month of D^pulafion aiiu fur three months previously, i.e., from October 
to February, broin March to June they are moderate in number and size, 
and ill July anti August they arc at their minimum (2). 

1. Raker, f. R., and Z. Ita!;er. f. Lion. Soc. (ZonL), 40: I23”i4i, 1936. 

2. CtrooiiKC I. R. Pruc. Zoo]. Soc,, Loudon, iioA: 37'"42, 1940. 


Pieropns gigmlens Bruenn 
INDIAN FRUIT BAT, FLYING FOX 


The Indian fruit bat has yrmng at aiiy time of the year in the London Zoo. 
In Iiitlia the y<mng are Ijram from the end of March to the end of April, but 
in Ceylon they are born later (i). Copulation has been observed on January 
25, in India. In February a single embryo each was found in females which 
ha<l been slua (2), 

1. Baker, ). R., and Z. Baker. I. Linn. Soc. (Zook), 40: 123-141, 1936. 

2 , McCauin, C. f, Boruhay Nat. Mist. Soc., 42: 587-592, 1941. 


Other PTEROPIDAE 

SPECIES 

BREEDING 

SEASON 

SEASON 

OF 

BIRTH 

NO. 

OF 

YOUNG 

HABITAT, 

ETC. 

Cynoptems bmchyotls 
Mailer 

Short-nosed Fruit Bat 


Sept, 

(Baker) 


India and Borneo 

Eidolon hdi'Um 

Kerr 


Feb.- 

March 

(Raker) 


Equatorial Africa 

Epomophorns angolensis 
Gray 

Angola Fruit Bat 


Sept- 

Oct. 

(Shortridge) 

rarely 

2 

S. Africa 
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Other PTEROPIDAE {Continued) 


SPECIES 

BREEDING 

SEASON 

SF.ASON 

OF 

BIRTH 

NO. 

OI’ 

YOUN(7 

HABHAT, 

ETC. 

E. crypturus 

Peters 


Oct. 

(Baker) 


E. Africa 

E, wakibergi 

Sundevall 

Epauletted Fruit Bat 



1 

Cent Africa 

Epomops dohsonii 

Bocage 

Epaulette Bat 



2 

Angola 

Macrogiossus lagochilus 
Matschie 


Aug. 

(Baker) 


India 

Ptei'Opus arid 
a M. Allen 


April 

(B.iker) 



P. compiciUiUus 

Gould 

March 

(Baker) 



Au.stralia 

P, eotinus 

Andersen 

Fel).-Mar. 
or Junc- 
July 
(Baker) 

Late Aug. 
to early 
Sept. 


New 1 lebrides 

P. gouidi 

Peters 

March- 

Aprli 

(Baker) 

Sept- 

Oct. 


N, Australia 

P. mdanotiis 

Blyth 

Oct. 

(Baker) 

Feb.*- 

March 


Nicobar Is. 

P, niger 

Kerr 

End Oct. 
(Baker) 



Reunion 

P. poUocepImlus 
Tcmminck 

Red-necked Frtut Bat 

April 

(Ratcliire) 

Oct. 

I 

Australia 

P. rufus 

Geoffroy 



2 

Madagascar 

P. scapultttus 

Peters 

Oct 

(Baker) 

April 


CHieen.sland 
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Other PTEROPIDAE {Continued) 


SPECIES 

BREEDING 

SEASON 

SEASON 

OF 

BIRTH 

HABITAT, 

ETC. 

YOUNG 

P, siibtiiger 

Kerr 

xMay 

(Baker) 

End Oct. 

Reunion 

RousetUis aegypitactis 

Ail year in 

Feb.- 

I N.E. Africa and 

Geoff roy 

Eg>^pt in cap- 
tivity; in wild 
Sept.-Oct. 
(Baker) 

March 

S.W. Asia 

R. leackii 


Feb.- 

Cent, and S. 

A. Smith 


Oct. in 
London Zoo 
(Baker) 

Africa 


EMBALLURONIDAE 
Coleura ajra Peters 


This East African bat has the ovaries completely enclosed by capsules. It 
also has a well-developed female prostate. One female had a single em- 
bryo (i). 

I. Matthews, L. H. Proc. Zool. Soc., London, iiiB: 289-346, 1941. 


Other EMBALLURONIDAE 


SPECIES 

SEASON 

OF 

BIRTH 

NO, 

OF 

YOUNG 

HABITAT, 

ETC. 

Feropteryx canina 

Wied 


I 

always 

Cent. America and 
northern S. Amer- 




ica 

Rhynchiscus naso 

Wied 


I 

always 

Cent. America 
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Other EMBALLURONiDAK {Conti mud ) 


SPECIES 

SEASON 

OF 

BIRTH 

NO. 

OF' 

YOLXG 

H/iPalViT, 

El'C, 

Saccopteryx biiw cata 
Temminck 

Lesser White4iiied Bai 


I 

aiv. ay.s 

i \‘i\U America anti 
Hi ir them pari (4 
S. America 

7aphozoiis loiigimiums 
Hardwicke 

Long-armed Sheath- 
tailed Bat 

Pregnant in 

August 

(Itlanford) 

i 

Iralia 


NOCTILIONIDAE 
Noctilio Ic'poriiuis L. 


This bill, which lives in the northern pari of South America, Central 
America, and the West Indies, bears i yuun^ at a tinic. 


PHYLLOSTOMIDAE 
Glossophaga sorkimi Palias 


This bat, a native of South America, breeds late in ilic spring, shortly 
before the rains. There is one heat period a ye.tr. The hnadiog sca.son la.sl.s 
for 2 to 3 weeks!, and ovulation is at this time. A nonpregnatu ruiwle with 
a corpus luicum bleeds from a degenerating Inpertmphiid endometrium. 
This bleeding is believed to occur at the end of pscudopregnaitcy (i). 

I. Hamlett, G. W« D, Anat. Rec.j 6o: 9“-i73 1934, 
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(■)! ht-r PHYLLOSTOMIDAE 


SPECIES 

BRil'DIXG 

SEASON 

NO. 

OI‘ 

FrIRTH 

SEASON 

OF 

YOUNG 

HABITAT, 

ETC. 

Artihcu^ janntici 'usts 
Leach 



I 

Cent. America and 
West Indies. Uterus 
simplex with ovi- 
ducts near mid-line 
(Wislocki and 
Fawcett) 

A, 7nmtis 

Andcr.'scn 



I 

Mexico. One record 

CaroUia pvrspicilh;ta L. 
Shor Wallet! E>ar 

Pregnant 

Aug. and 
fan. in Ama- 
zon Xhillcy 
(i hunleii) 

March in 

Panama 

(Enders) 

I 

Cent, and S. Amer- 
ica 

Erophylh? plunijrons 
Miller 



I 

S. America and 
West Indies. One 
record 

Macrotus vjiijonncm' 
Baird 


June 

(Burt) 

I 

Soutliweslern N. 
America 

PhyUonyett 'As potyi 
Gundlach 


Junc- 

luly 

I 

West Indies 


NYCTERIDAE 

Nycieris hispida Schreber 


This bat of central and West Africa has an incomplete capsule around the 
ovary and very few glands in the endometrium. The separate cervical canals 
open on a single cervix in the vagina. The lumens of the canals contain no 
glands. The young are born early in December, and there is probably an- 
other pregnancy shortly afterwards but not so soon as in N. luteola. There 
is very little erectile tissue in the penis (i). 

I. Matthews, L. H. Proc. Zool. Soc., London^ iriB: 28^346, 1941. 
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Nycterls luteola Thomas 


In this central and East African bat the ovaries arc enclosed in capsules, 
each with a large lateral slit. The cortex is thin except at the poles, and the 
graafian follicles are crowded together at these paints. When ripe, the 
follicles are 400 g in diameter, with a large antrum. The subcpiilielial coat of 
the vagina is in long folds and the epithelium above tliem forms a uniform 
coat which, therefore, varies from 100 to 35 in thickness. This becomes 
immensely thickened and is cornified during heat. The oviducts are very 
coiled and tortuous. The endometrium contains few glands. The females are 
probably polyestrous and have more than one pregnancy a year. These occur 
in quick succession. There is no trace (?f a corpus iiitcuni in the ovary during 
pregnancy after an early stage. One young is born at a time (1), and the 
female has a postparturient heal (2). 

The penis is covered with long, .stiff hairs directed caiulally. I’hc prostate 
has lateropostcrior parts only (x). 

1. Matthews, L, H. Proc. Zonl Soc., London. iiiB: 0^40 

2. Matthews, L. H. Nature, 143: ^43, K139. 

Other NYCrild^lDAK 


SPECIES 

BREEDING 

SEASON 

SI'ASON 

OF 

BIRTH 

NCX 

(.)}' 

YOUNG 

IIABHAT, 

ETC. 

Nycteris borealis 
Miiiler 

Northern Red Bat 

Aug. 

(Hamilton) 

Late May to 
mid-June 

2-4; mode 

3, mean 

3.00 r±: .of) 

Xorihern Eurasia 
and America 

N. capensis 

A. Smith 

Cape SHt-faced 

Bat 


PrcRnanl 

Oct, 

(Shfutridge) 

i 

5 . Africa 

iV. dnerea 

Peale and 

Beauvois 

Hoary Bat 

Early Aug. 
(Seton) 

Middnne to 
early July 
(Hamilton) 


N. America 
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MEGADERMIDAE 
Cardioderma cor Peters 


This Abyssinian big-eared bat has a penis covered with hairs. The organ 
also has a remarkable caudal curvature. The female usually has one young, 
and the corpus luteum is exceptionally large. In each of two specimens ex- 
amined there was one fetus and two corpora lutea, one on each side (i). 

I. Matthews, L. H. Proc. Zool. Soc., London, iiiB: 289-346, 1941. 


Other MEG.ADERMIDAE 


SPECIES 

SEASON 

OF 

BIRTH 

NO. 

OF 

YOUNG 

HABITAT, 

ETC. 

Lyroderma iyra 

Pregnant 

I 

India and China 

Geoffroy 

Feb. 



Indian Vampire Bat 

(Blanford) 




Megadenna spasma L. May ' S.E. Asia 

Malay Vampire Bat (Allen) 


RHINOLOPHIDAE 
Rhinolophus jerrum-equimm Schreber 
GREATER HORSESHOE BAT 


The European horseshoe bat is in heat toward the end of October, and it 
copulates at this time. Spermatozoa are stored in the uterus and vagina 
throughout the winter. Ovulatioir occurs in mid- April (i). There is also 
said to be a spring copulation, so the question whether or not conception 
can result from a fall copulation has not yet been settled (2). 

The ovary is enclosed in a capsule, and the right ovary only is functional; 
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consequently, pregnancy is always on the same side. The mature follicle 
measures 350 and the ovum 70 /«-. The corpus luteum is buried in the ovary. 
When the bat is in heat, toward the end of October, the vaginal epithelium 
becomes cornified, but the follicles do not reach their maximum size until 
the time of ovulation. A copulation plug is formed by means of which most 
of the spermatozoa are stored until April, when the plug breaks up and 
is expelled. At the same time the vaginal epithelium, which has remained 
cornified, is desquamated. The corpus luteum is large and is not completely 
resorbed until near the end of lactation. Only one egg is released at a time, 
and one young is born in late June and July. Females have only one heat 
period in a year, and are ig months old at the beginning of their first heat. 
The males are sexually mature at about the same time. The young are usually 
born in June (i). 

Graafian follicles are present in the nonfunciionai left ovary, but they 
degenerate and do not rupture (i). 

The testes are active throughout the winter, and the spermatir/oa are said 
to be stored in the female throughtnii this period in a pocket (m the ventral 
surface of the vagina (3), 

Ovulation and fertilization may he produced in January by the injection of 
a gonadotrophic extract of the pituitary gland (4). 

1. Matthews, L. H. Tram, ZouL Snc., l.ouclnn, 23: 213-2 'jJS, nj37, 

2. Baker. J. R,, and Z. Baker, f. Liniu Sue, (ZfjoL), 123-141. Oja'. 

3. Rollimit, R., and E. L. Trouessan. (kmipt. Rciul. Sue. P»iuL, Paris. -32; 1900. 

4. Heriant, M. Bill. Acad. Roy. de Bdguiue, 2i): 1934, 


Rhhiolophus hipposideros Bcchstein 
LESSER HORSESHOE BAT 


As this European bat mates in lire fall and nut in the spring,, probably the 
spermatozoa are stored in the female tract throughout the winter (1). The 
young arc born in late June and July (2). 

The mature follicle measures 300 /g and the ovum jo /o d,'hc corpus luteum 
is attached to the ovary by a peduncle (3). 

In the male spermatogenesis begins in July, and the interstitial cells and 
accessory organs are in an active state. In October spermatogenesis has ceased, 
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but the interstitial cells are still active, while the accessory organs are more 
so than they were in July. In winter there is no spermatogenesis, the inter- 
stitial cells are voluminous but not as vacuolated as in October, and the ac- 
cessory organs ct'^nlinuc to be well developed (4). 

1. Baker, f. R., ami Z. Ikaker. J. Linn. Soc. (Zook), 40: 123-141, 1936. 

2. Barrett-Hniniltnn, G. fk iL A History of British kfamnials. London, 1910. 

3. Matthews, L, H. I’rans. Zook Soc., London, 23: 213-255, 1937. 

4. Courrier, R. Arch, de Biok, 37: 173-334, 1927. 


Other RHINOLOPHIDAE 


SPECIES 

SEASON 

OF 

BIRTH 

NO. 

OF 

YOUNG 

HABITAT, 

ETC. 

Rhmolophtis geoffroyi 

A. Smith 


L 

rarely 

2 

Cent, and S. Africa 

R. perniger 

Hodgson 

Great Indian Horseshoe 

Bat 


I 

India 

/L rouxi 

Temminck 

Aprii-May 

(Allen) 


S. and S.E. Asia 

R, tragattis 

Hodgson 

Once a year, 
toward end 
of summer 
(Bianted) 


India 


HIPPOSIDERIDAE 
Hipposideros caffer Sundevall 


In this African bat the penis is curved and has hairs. The vas deferens has 
a conspicuous ampulla which is a blind diverticulum. The urethral glands 
are very well developed (i). 

I. Matthews, L. H. Proc. Zool. Soc., London, iiiB: 289-346, 1941. 
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Triaetiops afer Peters 


This bat, which is indigenous to Kenya, has one young at a time. No 
corpus luteum could be found in pregnant .specimens, hut the amount of 
ovarian stroma was slightly increased. The ovarian capsule is not closed, 
and the oviduct has a double sigmoid curve. The glans penis has flattened 
lobes. There is no scrotum (i). 

I. Matthews, L. H. Proc. Zool. Soc., London, iiiPj; 289-34?!, 194T, 

Other HIPPOSiDERIDAE 


SPECIES 

BREEDING 

SEASON 

SEASON 

OF 

HRTH 

NO. 

OF 

VOliXC 

f-IABHAT, 

ETC. 

Hi pposideros armiger 
Hodgson 

Great Himalayan 
Leaf-nosed Bat 

Once a year 
(Blanford). 
Probably Aug. 
(Hinton and 
Lindsay) 

Towaril end 
of .summer 


Indii.L Male bus 
very strong odoiy 
ab-icnt in female 

H. bicolor julvus 

Gray 




India. Female has 
vieid coloration in 
s 'reef ling season 
(iOrrettd lamillon) 


VESPERTILIONIDAE 
Eptesicns fuscus Peak: and Beauvois 
BIG BROWN BAT 


The North American brown hat mates in the fail, ant! tlic ytning are born 
in mid-June toward the north of its range, but earlier in the south (i). There 
is no doubt that spermatozoa survive in the uterus througliout the winter, 
since females collected in December, kept in i.solation at 40'’ F., and autopsied 
in May after a month at 75“ F. were found to contain embryos. The sper- 
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matozoa had survived for at least 140 to 150 days (2). In 30 cases observed 
the number of blasucysts varied from i to 6, with an average of 3.9 and a 
mode of 4 (3). I'hc number of young varies from i to 4, but all authorities 
agree that 2 is the usual number. 

The ovaries are small, rounded, and without a neck (4), The average 
number of follicles, which enlarge during hibernation or which rupture, 
is 4.2, and they arc present in each ovary in almost equal numbers, 53 per 
cent in the left. It is impossible to differentiate between theca interna and 
theca externa in the follicle wall. The granulosa cells begin to luteinize before 
ovulation, and there is a decrease in the amount of follicular fluid, which 
penetrates the theca. Rupture is sudden, but there is very little hemorrhage. 
It is usual to find a cavity in the corpus liiteum (5). 

In December there are a few spermatozoa in the testes, but no spermatocytes 
or spermatids. At this time, also, the uterus contains a mass of spermatozoa, 
but there are none in the oviducts (6). 

1. Himiiltoi!!, W. J., Jr. Tlie Mammals of Eastern United States. Ithaca, 1943. 

2. W^irnsatt, W. A. Anat Rcc., 83: 299^306, 1942. 

3. Wiinsati, W. A. Anal. Rec., 88: 193-204, 1944. 

4. Guthrie, KL J. Mammalogy, 14: 199-215, 1933. 

5. Wimsatl, W. A. Am. f. Anat, 74: 129-173, 1944. 

6. Evans, C. A. Am. Nat., 72: 480-484, 1938. 


EpiesicHS serotinus Schreber 
SEROTINE BAT 


This Old World bat copulates in September in France (i), and not again 
in the spring (2). But the testes begin to hypertrophy in May and sper- 
matogenesis commences. In June spermatozoa are present and spermato- 
genesis continues until September. The epididymis is full of spermatozoa 
throughout hibernation, and the accessory organs are well developed as well 
as the interstitial tissue of the testis. In May the epididymis diminishes in 
size, the accessory organs atrophy, and the interstitial cells are pigment laden. 
In June the condition is the same except that pigment can no longer be 
found in the interstitial cells, which appear to be fully active by August 
and September (i). It would seem, therefore, that insemination is possible 



MAMMALIAN REPRODUCTION 


for a great part of the year in spite of the belief that it only occurs in the 
fall The number of young, born late in May, is usually one. 

Castration of males in December and continuation of hibernation had no 
effect upon the epididymis and sperm storage during that season. The acces- 
sory organs remained active whether or not the epididymides were removed 
during the operation. But exposure of the castrated bats to higher tempera- 
tures, while not affecting the epididymis and spermatozoa, caused the ac- 
cessory glands to atrophy. A castrate liberated and caugiit during the next 
hibernating season showed the usual castrate atrophy of: the whi>le reproduc- 
tive tract (i). 

Females injected with a pituitary gonadotrophe in December ovulated 4 
days afterwards. A similar experiment done in January was followed by 
pregnancy (3). 

1. Coiirrier, R, Arch, de Biol., ^7: 173-334, 1927. 

2. Baker, J. R., and T. F. Bird. J. Linn. Soc. (Ziuil.), 40: Kiwuh. 1034. 

3. Herlant, M. Buh Acad. Roy. dc Bdi^ique, 20: 359"”3Bh, 19^4. 


Minioptems imstraUs Tomes 

In the New Hebrides this bat copulates at the end of August or the be- 
ginning of September, i-c,, in the spritig, and the develcjpmeiii of die embryo 
begins at once. One embryo develops and it is jicarlj’ always in the right horn. 
The testes are small in September, but spermatozoa are still in the epididymis, 
from which they disappear by December. In April the testes begin to grow, 
and by August they attain their maximum weiglit (i). 

I. Baker, J. R., and T. F. Bird, J. Linn. Soc. (ZooL), 40: 143-161, 1936. 


MinioptertiS minor Peters 

This bat from Zanzibar has its young earlier than December, tlie usual 
time of pregnancy for other species from the same caves. The ovarian capsules 






Plate VL Uterus of Microtas pcnnsylvankus, pscutioprej^naucy iniiuctliately alter 
parturition. This photograph is taken of a section of uterus from a fick! mouse early 
in pseudopregnancy immediately following parturition, h represents an unusual type 
in which the uterus has not yet recovered from pregnancy and is inchuled to illustrate 
the need for caution in interpreting sections. 
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are open. The cornua are almost at right angles to the body o£ the uterus. 
The vaginal epithelium mucifies during pregnancy (i). 

I. Matthews, L. H. Proc. Zool. Soc., London, iiiB: 289-346, 1941, 


Minioptems natalensis A. Smith 

This bat, a native of South Africa, has the ovary enclosed in a capsule v/ith 
a small opening. The ovarian stroma contains much interstitial tissue. The 
corpus luteum is large and, when young, has a blood clot in the center. One 
young is born at a time, and in 8 pregnant females all the embryos were in 
the right horn of the uterus and all the corpora lutea in the left ovary (i). 
This unusual condition needs confirmation. 

The glans penis is minute; the vas deferens has an enlarged ampulla con- 
sisting of a mass of connective tissue with numerous diverticula. The prostate 
is large (i). 

I. Matthews, L. H. Proc. Zool. Soc, London, iiiB: 289-346, 1941. 


Miniopterus schreibersii Kuhl 

This bat, a native of southern Europe and Algeria, ovulates in October or 
November and mates and is fertilized at that time. Ovulation is almost in- 
variably from the right ovary (i). 

In August the testes are in full spermatogenesis; in September this condi- 
tion has ceased, but the interstitial tissue is well developed and the accessory 
organs are very active. The epididymis is very voluminous and is full of 
spermatozoa. In November some testes have retrogressed while others are 
still well developed, but, although spermatozoa are present, their formation 
has ceased. The interstitial tissue is reduced. This state continues into January 
and April, but the number of spermatozoa diminishes. In April, however, 
the interstitial tissue is showing signs of recovery. At the time of fertilization 
the testes are inactive and the spermatozoa must, therefore, come from the 
epididymis (i). 

I. Courrier, R. Arch, de Biol., 37: 173-334, 1927. 
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Myotis anstroripariHS Rhoads 
RHOADS’ BAT 


This bat, indigenous to eastern United States, which is scimetimes classed 
as a subspecies o£ M. lucifagus Le Conte, has i to 2 ycning, which are born 
during the first half of May. Records give an average of 1.7 ±: .06 and a mode 
of 2 (i). The young at birth are extruded into a pocket formed by the in- 
terfemoral and alar membranes. They remain attached to the mother by the 
umbilical cord for several hours (2) . 

1. Sherman, H. B. J. Mammalogy, ii: 495-503, 1930. 

2. Hamilton, W. J., Jr. The Mammals of Eastern IJniietl States. Ithaca, 194^. 


Myotis capiicctnii Bonaparte 


In this bat of southern Europe and ncnihwestern Asia spermatogenesis 
has ceased by November, but the epididymis is full of spermatozoa. The 
interstitial cells of the testis are variable, and the accessory t)rgans are hyper- 
trophied, though involution is beginning. In April some spermatozoa are 
still prCwSent, but the epididymis and acccssca*y organs are in the resting state, 
while the interstitial cells arc vacuolated (i), 

I, Courrier, R. Arch, de Biol., 37; 173-334, 19:17* 


Myotis grisescens Howell 
GRAY BAT 


The gray bat of eastern North America mates in the fall, and one young 
is born in early June to early July (1). The females have spermutozoa in the 
uterus in September, October, November, and Dcccml>cr, tlie only nK>nihs 
in which they were examined. The ovary is somewhat oval, and tlie round 
ligament is pigmented. One ovum is matured at a time, and its size (tubal) 
is 116 g in diameter (2). Spermatogenesis occurs in the summer when the 
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rest o£ the reproductive tract is quiescent. The epididymis is full of sper- 
matozoa in fallj winter, and spring, and the accessory organs are full of 
secretion. The interstitial cells are largest in summer, retrogress in the fall, 
and remain small until spring. The male is sexually mature in its second 
summer (3). 

1. Hamilton, W. J., Jr. The Mammals of Eastern United States. Ithaca, 1943. 

2. Guthrie, M. J. J. Mammalogy, 14: 199-216, 1933. 

3. Miller, R. E. J. MorphoL, 64: 267-295, 1939. 


Myotis lucifugus Le Conte 
LITTLE BROWN BAT 


The little brown bat of North America east of the Rocky Mountains has 
been much investigated, and the survival of spermatozoa in the uterus 
throughout the winter and fertilization by these spermatozoa in the spring 
have been proved beyond doubt. 

Copulation occurs in the wild both in the fall and in spring. One young 
is born at a time, in mid-June to mid-July (i). The sex ratio at birth is 50.6 
per cent males (2). Spermatozoa survived in the uteri of females isolated 
in a refrigerator throughout the winter for at least 159 days, and cleaving 
eggs and blastocysts were found in the uteri in spring (3). 

The theca of the graafian follicle does not divide into interna and externa. 
The large follicle during hibernation measures about 350 /a in diameter and 
the cells of the discus proligerus are hypertrophied. Just before ovulation, 
in spring, the antrum almost disappears, the volume of liquor folliculi de- 
creases, and there is a preovulatory luteinization of the granulosa cells ac- 
companied by a progestational reaction in the uterus. The wall of the 
rupturing follicle folds only to a small extent, and a cavity in the corpus 
luteum is rare. Ovulation occurs in late April or early May, during the 
passage from hibernation to summer quarters. When the females are kept 
in a warm laboratory, it is advanced to the middle of February. The diameter 
of the ovum is about 80 /a (4). The females reach sexual maturity at the end 
of their first summer. The embryo always develops in the right horn of the 
uterus (5), but the ripe follicle or corpus luteum is in the corresponding ovary 
in only 48 per cent of cases (4), or 49 per cent (6). In first-season females 
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there is a preponderance of ripe follicles in the left ovary. The ovary is 
rounded and has a very inconspicuous neck (5) . 

In October the vaginal epithelium consists of many layers, but desquama- 
tion is continuous throughout the winter with the result that its thickness 
is reduced by April. In August intensive cornification sets in. The condition 
throughout hibernation may be described as one of submaximal estrus (7). 

The round ligament of the uterus is not pigmented, in contrast to the con- 
dition in M. grisescens (5). The height of the epithelium is medium in Octo- 
ber, and it is lowest in February. The uterine and glandular epithelia hyper- 
trophy after ovulation so that the glandular epithelium appears to be 
irregular. The epithelium throughout is nonciliated and of a secretory 
type (7), 

The tubal epithelium is ciliated and secretory. It is highest in October, is 
vacuolated during winter, and recovers in the spring. After ovulation, it is 
low and nonsecreting (7). 

Spermatogenesis is in summer when the rest of the reproductive tract is 
quiescent. The epididymis is full of spermatozoa from fall to spring; the 
accessory organs are full of secretion and remain so until April. The in- 
terstitial cells are at their maximum size in summer, retrogress during the 
fall, and remain small until spring. The male is sexually mature in its second 
summer (8). 

1. Hamilton, W. J., Jr. The Mammals of Eastern United States. Ithaca, 1943. 

2. GrilEa, D. R. J. Mammalogy, 21: 181-187, r940. 

3. Wimsatt, W. A. Anat. Rec., 88: 193-204, 1944. 

4. Wimsatt, W. A. Am. J. Anat., 74; 129-173, 1944. 

5. Guthrie, M. J. J. Mammalogy, 14: 199-216, 1933. 

6. Guthrie, M. J., and K. R. Jeflers. Anat. Rec., 71 : 477-496, 1938. 

7. Reeder, E. M. J. Morphol., 64: 431-453, 1939, 

8. Miller, R. E. J. Morphol., 64: 267-295, 1939. 


Myotis myotis Bechstein 
(== Vespertilio murinus L.) 

COMMON EUROPEAN BAT 

This bat mates in mid. 5 eptember (i) and again in spring (2). Ovulation 
is at the end of March, and the length of gestation is 50 days (i). One young 
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is born at a time, and the embryo is nearly always in the right horn of the 
uterus (2)5 but the corpora lutea are in the right ovary in only 55.7 per cent 
of cases (3). Throughout winter spermatozoa may be found clinging to the 
uterine wall (4). 

Spermatogenesis begins in May, when there are few spermatozoa in the 
epididymis; the interstitial cells appear to be active, but the accessory organs 
are large. The interstitial cells are pigmented. From December to February 
spermatogenesis has ceased, spermatozoa are present in the epididymis, the 
interstitial tissue is variable, and the accessory organs are well developed 
though there is some retrogression, less in the seminal vesicles than in the 
epididymis and prostate (i). 

1. Courrier, R. Arch, de Biol., 37: 173-334, 1927. 

2. Baker, J, R., and T. F. Bird. }. Linn. Soc. (Zook), 40: 143-161, 1936. 

3. Duval, M. J. de TAnat, 31: 93-160, 1895, 

4. Redenz, E. Zeit Wiss. Bio]., Abt. B., Zeit. Zellforsch u. Mikros. Anat., 9: 734-739, 
1929. 


Myotis sodalis Miller and Allen 

This North American bat mates in September or October, and spermatozoa 
can always be found in the uterus from October to February (i). Sper- 
matozoa have survived in the uteri of isolated females for up to 135 days 
at least (2). The ovary is lobed and matures one ovum at a time. Ovulation 
in the laboratory under warm conditions has occurred in the middle of 
February. The round ligament is pigmented (i). 

1. Guthrie, M. J. J. Mammalogy, 14: 199-216, 1933. 

2. Wimsatt, W. A. Anat. Rec., 88: 193-204, 1944. 


Myotis subulatus Say 


From a physiological standpoint the nomenclature of this western North 
American bat probably needs revising. Myotis subulatus subulatus Say has 2 
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as the usual number of young (i), while M. subiilatus melanorhinus Merriam 
has I (2). Subspecies conform so regularly in their litter sizes that the in- 
corporation of these two into one species is open to question. 

1. Bailey, V. North American Fauna, No. 49, 1926. 

2. Bailey, V. North American Fauna, No. 53, 1931. 


'Nyctdus noctula Schreber 

This Old World bat copulates in September. Afterwards the cornified 
epithelium of the upper vagina sloughs off and forms a plug, which remains 
in place throughout hibernation (i). In Germany the young are born in 
early May. One is said to be the usual number in England, but on the Con- 
tinent I and 2 are born at approximately equal numbers of births (2,3). The 
period of gestation is probably about 49 days (4). 

1. Grosser, O. Verb. d. Anat. Gesellsch., 17: 129-132, 1903. 

2. Allen, G. M. Bats. Cambridge, Mass., 1939. 

3. Vogt, C. Compt. Rend. Assn. Adv. Sci., 655-662, 1881. 

4. Barrett-Hamilton, G. E. H. A History of British Mammals. London, 1910. 


Piphtrellus abramus Temminck 
ASIATIC PIPISTRELLE BAT 


In this bat spermatogenesis begins at the end of spring and ceases by Octo- 
ber. From October to June the tubules are in repose, but spermatozoa arc 
stored in the tail of the epididymis from October to May. After copulation 
in the fall the spermatozoa remain immotile in a mucous plug (i). Two 
young are usually born in a litter (2). 

1. Nakano, O. Folia Anat. Jap., 6: 777-828, 1928. 

2. Blanford, W. T. The Fauna of British India, Including Ceylon and Burma. Mam- 
malia. London, 1888-91. 
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Pipistrellus pipistrellus Schreber 
COMMON PIPISTRELLE 


This common bat of Europe and Asia is said to copulate both in the fall and 
in the spring (i). The female mates in September, and spermatozoa may 
be found in the uterus until March. They cling to the uterine wall, and, 
since the glands are actively secreting during this time, they may derive 
nourishment from this source. Ovulation in France occurs in March and 
April (2), but in England it is said not to occur until May. No vaginal plug 
is formed, and the spermatozoa are stored in the uterus until after ovula- 
tion, when many are expelled. The female usually bears one young, and 
although ovulation may occur from either ovary, one writer has found that 
the pregnancy was in the right horn in 70 per cent of cases, 23 per cent were 
in the left, and the remaining 5 per cent were pregnant in both horns. When 
the embryo is in the horn opposite to the corpus luteum, transfer has been 
by migration across the body of the uterus (3). 

The period of gestation is said to be about 44 days (3), but, as birth in 
France occurs in July to August while ovulation is said to be in March to 
April (2), its duration is still an open question. The female reaches puberty 
in her second year (3) . 

In the fall the vaginal epithelium becomes hyperplastic and keratinized, 
and it remains so all winter. The cornified tissue becomes so thick that the 
lumen is practically blocked during this period, which resembles a prolonged 
proestrum. Large graafian follicles can be found throughout, but they do 
not mature until near ovulation time (2) . 

The male does not reproduce until it is 2 years old. In mid-June spermato- 
genesis begins, but by the end of August it has ceased. The testes become 
smaller and by October they reach their minimum weight. The epididymis 
is small in August and enlarges in October, when its tail is larger than the 
testis and is full of spermatozoa. It regresses from May onward, and any 
remaining spermatozoa are phagocytized. The seminal vesicles and prostate 
are large from the end of August to December. In spring their involution 
is rapid, and at this time the epididymis is also regressing. The cycle of the 
interstitial cells is similar. Development begins in June and is at a maximum 
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in August. They are still well developed in winter and appear to be glandular. 
In April involution, sets in and the cells become pigmented (4) , 

A case has been described in which full spermatogenesis occurred at the 
usual time but in which the accessory organs remained atrophic. The inter- 
stitial cells of the testis were replaced by lymphoid cells (5) . 

1. Baker, J. R., and T. F. Bird. J. Linn. Soc. (ZooL), 40: 143-161, 1936. 

2. Courrier, R. Compt Rend. Soc. Biol., Paris, 87: 1365-1366, 1922 . 

3. Deansley, R., and T, Warwick. Proc. Zool. Soc., London, 109A: 57-60, 1939. 

4. Courrier, R. Arch, de Biol., 37: i 73 - 334 j ^ 9 ^ 7 - 

5. Courrier, R. Compt. Rend. Assn. Anat., 21: 176-182, 1926. 


Pipistrellus subflavus Cuvier 


This bat of the eastern and southern United States is said probably to mate 
in August (i), but copulation has been observed in Indiana at the end of 
November (2), and it is said also to copulate in spring (3). Captured females 
all had spermatozoa in their uteri between November ii and April 30. In 
the warm laboratory ovulation first occurred about March 7 (4). In the 
southern part of the range, birth is in late May, but further north it extends 
to late June and mid-July (i). 

The ovary is rounded and has no neck. The number of mature follicles 
or tubal eggs was found to be 4.3 ± .1, mode 4 (4) ; but embryo counts have 
given I to 3, mode 2, means 1,9 ± .06; consequently, the loss of eggs or degree 
of early embryonic atrophy must be high. 

1. Hamilton, W. J., Jr. The Mammals of Eastern United States. Ithaca, 1943. 

2. Hahn, W. L." Biol. Bui., 15: 135-164, 1908. 

3. Baker, J. R., and T. F. Bird. J. Linn. Soc. (Zoo!.), 40: 143-161, 1936. 

4. Guthrie, M, J. J. Mammalogy, 14; 199-216, 1933. 


Plecotus aurltus L. 
LONG-EARED BAT 


The reproductive cycle in this Old World bat is essentially similar to that 
of other hibernating species. Spermatogenesis is at its height in August, and 
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the interstitial cells of the testis are large at that time (i). It does not occur 
in spring, and spermatozoa survive throughout the winter in the uterus (2). 
Copulation is said to take place only in the fall (3). The young, one usually, 
are born in June and July (4), 

1. Courrier, R. Arch, de Biol., 37: 173-334, 1927. 

2. Redenz, E. Zeit. Wiss. Biol., Abu B., Zeit. Zellforsch u. Mikros. Anat, 9: 734-749, 
1929. 

3. Baker, J. R., and T. F. Bird. J. Linn. Soc. (Zool.), 40: 143-161, 1936. 

4. Barrett-Hamilton, G. E. H. A History of British Mammals. London, 1910. 


Other VESPERTILIONID.AE 


SPECIES 

BREEDING 

SEASON 

SEASON 

OF 

BIRTH 

NO. 

OF 

YOUNG 

HABITAT, 

ETC. 

Anirozoiis pallid us 

Le Conte 

Paie Bat 


End June to 
early July 

(RA.F.55) 

1-2, in 

equal 

numbers 

Southwestern N. 
America 

Corynorhintis macrotis 
Le Conte 



I 

Southeastern U.S. 

C. rafinesqtiii 

Lesson 

Big-eared Bat 

Aug., embryos 
in Sept, and 
Oct. 

(RA.F. 55) 

June 15-30 

r 

N. America 

Dasyptems floridmius 
Miller 


May-June 

(Lowery) 

2, 

rarely 3 

Southeastern U.S. 

D. ega 

Peters 



2 

Mexico and Cent. 
America 

Eptesicus capensis 

A. Smith 

Cape Serotine Bat 

Embryos in 
Nov. in S.W. 
Africa 
(Shortridge) 


2 

Africa 

Kerivoula lanosa 

A. Smith 



2 

S. Africa 

Lasionycteris 

noctipagms 

Le Conte 

Silvery Bat 

Late Aug. to 
early Sept. 
(Seton) 

Early June 

1-2, 

usually 

2 

N. America 

Myotis bechsteinii 

Leisler 


Early May 

I 

Europe 
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Other VESPERTILIONIDAE {Continued) 



M. natteri 

Kuhl 

Late June- 
early July 
(Barrett- 
Hamilton) 

I 

i^urope 

M. thysanodcs 

End June 

I 

Southwestern. 

Miller 

or July 


N. America 

M. volans 


I 

Western N. 

H. Allen 



America 


M, yumaensis 

H. Alien 

Tejon Bat 


Juiie-Juiy, I 

mostly June, 
(N.A.R55). 

May in Texas 
(Bailey) 

Western N. 
America 

Nyctalus leisltri 

Kuhl 


Late June i 

(Barrett- 

Hamilton) 

Europe 

ISIycticeius humemlis 

Aug. 

End May to 1-2, 

Eastern and 

Rafinesque 

Evening Bat 

(Hamilton) 

early June usually 

2 

southern U.S, 
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Other VESPERTILIONIDAE (Conliniied) 


BREEDING 
SPECIES SEASON 

SEASON 

OF 

BIRTH 

NO. 

OF 

YOUNG 

HABITAT, 

ETC. 

PipistrcUus jourict 

Pregnant 

2 

S.W. Africa. One 

Thomas 

in Oct. 
(Shortridge) 


record 

F. hesperus 

July 

Usually 

Western N. 

H. Alien 

Little Canyon Bat 

(N.A.F.55) 

2 

America 

P. 


2 

Southern Europe 

Natterer 



and Asia, N. Af- 

White-bonlerecl Bat 



rica 

Scotophilus ktthUi 



India. Underside 

Leach 



of pregnant fe- 
male changes 
from pale straw 
to rich saffron 

S. 7 itgrita 

Schreber 

Yellow Bat 


I~2 

Africa 

VespertiUo discolor 


0 

Northern Europe 

Natterer 

Particolored Bat 



and Asia 


MOLOSSIDAE 

Eumops calijortiicus Merriam 

The males of this southern Californian bat have glands on the lower part 
of the throat which enlarge during the breeding season. They are active 
from December to March and subside by mid-April. One young is born 
at a time (i). The oviduct joins the uterus at an angle of 120 degrees. It 
enters by a papilla which is muscular and nonglandular (2). 

1. Howell, A. B. J. Mammalogy, 1: W 9 - 

2. Andersen, D. H. Am. J. Anat., 42: 255-305, 1928. 
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Tadarida cynocephala Le Conte 
FREE-TAILED BAT 


In Florida this free-tailed bat mates in mid-February to late March, at 
ovulation time. One young is born in late May to late June after a gestation 
of II to 12 weeks. The females are sexually mature at 9 months old. The 
males have a short rutting season, from February to mid-April (i). The 
cells of the discus proligerus do not hypertrophy as they do in Myotis hid- 
ftigus (2). 

Fairly large graafian follicles are present in the ovaries at all times of the 
year except when small embryos are present, i.e., for about 2 weeks following 
ovulation. These are almost always in the right ovary only. Spermatozoa arc 
not stored in the uterus throughout winter and are found only from mid- 
February to March. The single embryo is almost invariably in the right 
horn. In the male spermatozoa are present in the testes and epididymis in 
February and March. Atrophy occurs in April and lasts until September, 
when proliferation begins in the testes tubules. No spermatozoa, however, 
can be found until the end of January, but they have not yet reached the 
epididymis (3). 

1. Hamilton, W. J., Jr. The Mammals of Eastern North America. Ithaca, 1943. 

2. Wimsatt, W. A. Am. J. Anat., 74: 129“! 73, 1944. 

3. Sherman, H. B. J. Mammalogy, 18: 176-187, 1937. 


Other MOLOSSIDAE 


SPECIES 

BREEDING 

SEASON 

SEASON 

OF 

BIRTH 

NO. 

OF 

YOUNG 

HABITAT, 

ETC. 

Euinops bonariensis 
Peters 



2 

Argentina 

Tadarida femorasacca 
Merriam 

Pocketed Free-tailed 

Bat 



I 

California 

T. macrotis Gray 
Free-tailed 



I 

Cuba 

Bat 
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Other MOLOSSIDAE {Continued^ 


SPECIES 


BREEDING 

SEASON 


SEASON 

OF 

BIRTH 


NO. 

OF 

YOUNG 


HABITAT, 

ETC. 


T. inexkana 
Saussure 

Mexican Free-tailed 
Bat 


May-June i 

or July, 
rarely Aug. 

(Burt) 


Spring 
(Baker and 
Bird) 



PRIMATES 


T he main inquiry in regard to primate reproduction has centered around 
menstruation and its significance. This has been discussed in the in- 
troductory part of this book. Our knowledge of the lower primates, especially 
of the Lemuroidea, is very scanty, and, as a means of providing links in 
reproductive behavior between the higher primates and other mammals, 
work on these forms is highly desirable. There is some suggestion of a re- 
stricted breeding season in many of the lower forms and of varying intensity 
of reproduction with the season in some of the higher ones. Also, bleeding 
into the uterine cavity, often of small amount, at the end of the life of the 
corpus luteum appears to be widespread, but it is not sufficient in quantity 
to produce overt menstruation except in the Old World primates. The 
smaller amount of bleeding implies that there is less tissue destruction in 
the endometrium. The reader should refer to the work upon the elephant 
shrew (Elephantulus) in the Insectivora for a possible connecting link be- 
tween primates and other species. 


Lemuroidea 

DAUBENTONIIDAE 
Datibentonia madagascariensis Gmelin 
AYE-AYE 


The aye-aye, which lives in Madagascar, has i young at a birth. 
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TARSIIDAE 
Tar sins spectrum Pallas 
SPECTRAL TARSIER 


The Malayan tarsier is polyestrous and breeds all the year round with 
apparently little seasonal variation (i). The cycles average 23.5 ±: 0.7 days. 
There is no bleeding from the vagina, and, at the time o£ heat, the vulva 
swells and the vaginal smear becomes entirely corniiied. The stage of full 
cornification lasts for 24 hours and is followed by an invasion of leucocytes 
with recession of the vulva (2). Changes in the uterus have been described, 
but it is not clear to what stage of the cycle they belong. They consist of 
swelling of the glands, mitoses of the epithelial cells followed by localized 
congestion, and extravasation of blood, which is phagocytized and thus 
carried to the uterine cavity. There is no extensive desquamation of uterine 
epithelium (3). 

1. Zuckerman, S. Proc. ZooL Soc., London, 1059-1075, 1933, 

2. Catclipole, H. R., and J, F. Fulton. J. Mammalogy, 24: 90-93, 1943. 

3. Henverden, M. van. Monatsschr. f. Geb. u. Gyn., 24; 730-748, 1906. 


LORISIDAE 

Galago senegalensis Geoffrey 
BUSH-BABY 

The central African bush-baby appears to have a restricted breeding season 
lasting from December to July, with heat periods about 6 weeks apart. The 
distribution of births in the London Zoo also suggests a limited breeding 
season with December and January as its beginning (r). Heat lasts 5 to 6 
days and is accompanied by a colorless discharge from the vul^a. The usual 
number of young is 2, range i to 2. The period of gestation is 4 months. The 
female has a long, pendulous clitoris. The male reaches puberty at 20 months 
of age (2) . 

I. Zuckermaii, S. Proc. Zool. Soc., London, 1059-1075, 1933. 

3. Lowther, F. de L. Zoologica, 25; 433-462, 1940. 
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Other LORISIDAE 


SPECIES 

NO. 

BREEDING 

SEASON 

GESTATION HABITAT, 

PERIOD ETC. 

Galago alleni 
Waterhouse 

All year 
(Sanderson) 


Nigeria and 
Cameroons 

G, crassicaudatus 
Geoffrey 

Bush-baby 

All pregnant i 

early Sept. 

(Pitman) 


Cent. Africa 

Euoticus elegafttulus 
Le Conte 

No fixed 
season, appear 
to be breeding 

June-Oct. 

(Sanderson) 


Niger and Congo 
River districts 

Nycticebus malaianus 
Anderson 


90 

days 

Kfalay Peninsula 

N* tar di grains L. 
Slow Loris 

Breeds all i 

year, but may 
increase in 
fertility toward 
end of year 
(Zuckerman) 

174-. 

180 

days 

S.E. Asia 


LEMURIDAE 



SPECIES 

BREEDING SEASON 

SEASON 

BIRTEI 

NO. 

OF 

YOUNG 

GESTATION HABITAT, 
PERIOD ETC. 

Hapalemur griseus 
Link 

Dec.-Jan. 

(Schlegel) 


Madagascar 

Lemur macaco L. 
Lemur 

Births in 
London Zoo 
nearly all 
March-June 
(Zuckerman) 

1-2 

146 Madagascar 

days 


usually 


L. mongoz L. 


X 


Madagascar 
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LE^^URIDAE {Continmd) 


SPECIES 

BREEDING 

SEASON 

SEASON 

OF 

BIRTH 

NO. 

OF 

YOUNG 

GESTATION HABITAT, 
PERIOD ETC. 

L. riihn venter 
GeolTroy 



usually 

2 

Madagascar 

Mkrocebns m urimts 
Miller 

Gray Klouse Lennir 

Pregnant 

Oct.-Nov. 

(Rand) 


2-3, 

usually 

2 

Madagascar 


INDRIIDAE 


SPF.CIES 

NO. 

OF 

YOUNG 

GESTATION HABITAT, 
PERIOD ETC. 

hidn indn 

I 

6o 

Madagascar 

Gmclin 


days 


Indri 




Propitheciis verreauxt 

l 


Madagascar 

Grand idier 




Sifaka 





Anthfopoidea 

PLATYRRHINI 

CALLITRICHIDAE 


SPECIES 

BREEDING 

SEASON 

SEASON 

OF 

BIRTH 

NO. 

OF 

YOUNG 

GESTATION HABITAT, 
PERIOD ETC. 

Lconiocebtis rosaJia L. 




140 S. America 

Tamar in 




days 
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CALLITRICHIDAE {Continued) 


SPECIES 


BREEDING 

SEASON 


SEASON 

OF 

BIRTH 


NO. 

OF 

YOUNG 


GESTATION 

PERIOD 


HABnv\T 

ETC. 


Oedipomidas geoffroyi Feb, June 2 Cent. America 

Pucheran (Enders) 

Squirrel Monkey 


HAPALIDAE 
Hapale jacchus L. 
MARMOSET 


Little is known of reproduction in the South American marmoset although 
it breeds readily in captivity. Puberty in the female occurs at 14 months of 
age, and the gestation period lasts 140 to 150 days (i). Combined data give 
the litter size as i to 3* with a mean value of 2.0 dc .04. The chorionic blood 
vessels anastomose, but no modification of the sex of twins has been ob- 
served (2). 

1. Lucas, N. S., E. M. Hume, and H. H. Smitli. Proc. Zool. Soc., London, 447-45? 

1927. ■ ’ 

2. Wislocki, G. B. Am. J. Anat., 64: 445-483, 1939. 


CEBIDAE 

Alomtta palliata Gray 

HOWLER MONKEY 


Not much IS known of the reproduction of the howler monkeys of South 
America, but there appears to be no fixed breeding season (i). The ovarian 
wall thms during follicular enlargement, and a well-defined stigma is formed 
on the follicle. The theca interna is strongly marked. There is little luteiniza- 
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tion of granulosa cells in the ruptured follicle before the ingrowth of capil- 
laries^ but some luteiiiization of the interstitial tissue is already occurring. 
Fat is deposited in the cells of the theca interna and of the granulosa. The 
latter luteinize more slowly than the former, but eventually they are larger. 
The corpus luteiim contains a cavity which disappears late in the lutein phase. 
The wall of the corpus luteum disappears so that this body becomes indis- 
tinguishable from the interstitial tissue (2). 

The epithelium of the vagina keratinizes to a variable degree, and this 
change does not bear much relation to the stage of the cycle (2) . 

The endometrium during the follicular phase has low columnar epithelium 
with basal nuclei. The glands are straight, with many mitoses. In the luteal 
phase the epithelium is tall, the glands are coiled, and mitoses are frequent. 
Late in this phase there is marked degeneration and some desquamation of 
the endometrium. Red blood cells are extravasated, but these changes are 
not so intense as those which have been described for Macaca (2). The ovi- 
duct has a very narrow lumen as it passes through the uterine muscle. It has 
no sphincter, and no folds or villi (3). 

The testes descend near the time of puberty (4). 

1. Wislocki, G. B. Contrib. to Embryol., Carnegie Inst, of Washington, 414: 173-192, 
1930. 

2. Dempsey, E. W. Am. J. Anat., 64: 381-405, 1939. 

3. Andersen, D. H. Am. J. Anat., 42: 255-305, 1928. 

4. Wislocki, G. B. Human BiuL, 8: 309-347, 1936. 


Atdes geoffroyi Kuhl 
SPIDER MONKEY 


The South American spider monkey has no restricted breeding season (i), 
and the female menstruates periodically for 3 to 4 days at intervals of 24 to 
27 days (2) . The ovarian cycle is similar to that described for Alouatta palliata. 
In both species the corpus luteum becomes indistinguishable from the inter- 
stitial tissue in the lutein phase of the cycle (i>3). 

The vaginal wall cornifies in the follicular stage, and a series of ridges 
and denticles develop. These, together with much of the cornified layer, are 
sloughed off late in this stage and for a short time after ovulation, but, though 



102 


MAMMALIAN REPRODUCTION 


the denticles disappear entirely, some cornificd tissue is always present (3). 
The uterine changes resemble those described for Alonatta palliata (3) . 

The testes descend early in life, and the penis is covered with black', 
cornified barbs oriented backward from the head to the base of the penis, 
which may engage with the denticles which are present in the vagina of the 
female during the follicular phase. The clitoris is described as gigantic for 
primates, in which group it is usually small (4) . 

1. Wislocki, G, B. Contrib. to Embryo!., Carnegie Inst, of Washington, 414: 1 73-192, 
1930. 

2. Goodman, L., and G. B. Wislocki. Anat. Rec., 61: 379-387? ^ 935 * 

3. Dempsey, E. W. Am. J. Anat., 64: 38i*-405, 1939. 

4. Wislocki, G. B. Human Biol, 8: 309-347, 1936. 


Cebus albifrons Humboldt 
WHITE-FRONTED CAPUCHIN 


The injection of 9,000 R.U. of estrogen in ii days was not followed by 
menstruation upon cessation of the injections. During the injections epithelial 
cells in the vaginal smear increased in proportion to leucocytes, and after 
injections ceased the latter increased in numbers. Menstruation has not been 
observed in the normal female (i). 

I. Zuckerman, S. J. Physiol, 84: 191-195, 1935. 


Cebus apella L, 
WEEPING CAPUCHIN 


In the Ceylon Zoo this South American monkey copulates at night, usually 
at dusk, and the act is prolonged, lasting up to 20 minutes. There is no visible 
menstruation, and the period of gestation is 6 months (i). 

I. Hill, W. C. O. Nature, 148: 408, 1941. 
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Cebus azarae Rengger 
AZARA’S CAPUCHIN 


The cycle of this South American monkey is from 16 to 20 days in length. 
Ovulation occurs about 9 days before the onset of menstruation. Copulation 
takes place at, or just before, the time of ovulation. Menstruation, which can 
be detected by the examination of vaginal lavages, is at the time of minimal 
vaginal desquamation, while at ovulation desquamation is maximal. The 
species breeds all year, but most births occur in May-June and October-- 
November (i). 

I. Hamlctt, G. W. D. Anat. Rec., 73: 171-181, 1939. 


Cebus jatuellus L. 
BROWN CAPUCHIN 


The injection of 3,500 R.U. of estrogen over a period of 13 days was not ac- 
companied by, or followed by, menstruation. A few red blood cells were 
found in the lavage, but they arc believed to have been due to trauma (i). 

I. Zuckerman, S. J. Physiol., 84: 191-195, 1935. 


Cebus vellerosus Geoffroy 
THICK-FURRED CAPUCHIN 


In the Ceylon Zoo this South American monkey, like C. apella, copulates 
at night, usually at dusk, and the act is prolonged, lasting up to 20 minutes. 
There is no visible menstruation and the period of gestation is 6 months (i). 

I. Hill, W. C. O. Nature, 148: 408, 1941. 
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Other CEBIDAE 


SPECIES 

BREEDING 

SEASON 

SEASON 

OF 

BIRTH 

GEST.-VnON 

PERIOD 

HABITAT, 

ETC. 

Alouatta senicultts L. 
Red Howler Monkey 



139 

days 

S. America 

Aotes zonalis 

Goldman 

Night Monkey 

Possibly 

Dec. 

(Enders) 

June 


Cent. America 

Ateles ate?- 
Cuvier 

Spider Monkey 



139 

days 

Cent. America and 
northern S. America 

Lagothnx humboldtii 
Geoffrey 

Woolly Monkey 



m 

days 

Amazon, S, America 

Samiri oerstedi 
Reinhardt 

Limited 

breeding 

season 

(Wislocki) 



S. America. No sex- 
ual skin coloration, 
a small baculum 


CATARRHINI 

CERCOPITHECIDAE 
Cercocebus torquatus Kerr 
SOOTY MANGABEY 


The sooty mangabey o£ West Africa has a menstrual cycle averaging 
33.4 ± .1 days, lange, 28 to 46; mode, 30 days (t). Swelling of the sexual 
skin subsides between days 14 and 20. Menstruation was not suppressed by 
the continued injection of estrogens unless they were started earlier than 
day 18 of the cycle (2). 

1. Zuckerman, S. Proc. Zool. Soc., London, 315-329, 1937. 

2. Zuckerman, S. Proc. Roy. Soc., London. 118B: 13-21, 1935. 



PRIMATES 

Cercopithecus aethiops L. 
GRIVET MONKEY 


The African grivet monkey breeds all the year. Usually one young is born, 
twins are uncommon. The gestation period is about 7 months (i). There 
is no sexual skin or external swelling. Menstruation recurs at intervals of 
about 31 days. Injection of large amounts of estrogen into an ovariectomized 
female did not cause menstruation or withdrawal bleeding, and no external 
changes were observed (2). 

1. Siloriridge, G* C. The Mammals of Soutli West Africa, London, 1934. 

2. Zuckerman, S, j. Physiol, 84: £91-195, 1935. 


Macaca irus Cuvier 
(=M. cynomolgus Boddaert) 

CRAB-EATING MACAQUE 


The Holes given here upon Macaca ims refer also to the similar species M, 
fasciciilaris mordax (i). According to Elliott, three separate species, M. irus^ 
M, fascicularisj and M. mordax exist, but all are Malayan species and they 
are often included under the one specific name. There is no reason to believe 
that these forms differ in any details of their reproduction. 

In a state of nature the crab-eating macaque appears to breed at any time 
of the year, but the peak of conceptions is in October and November (1,2). 
The cycle length is 25 to 29 days (i) ; 32.4 ±: ,5 days, mode 30, range 23 to 42 
days (3) ; or 34,4 zh 1.6 days, range 24 to 52 days (4). The period of gestation 
is from 160 to 170 days (3) . In the laboratory there tends to be an amenorrheic 
season in summer (4). The period of menstruation lasts from 2 to 13 days, 
usually 2 to 6 days. The color of the sexual skin intensifies (becomes redder) 
following menstruation, reaches its height at the mid-interval, and then 
diminishes (4). The time of greatest frequency of coitus occurs at 7 to ii 
days after the beginning of menstruation (i). 

The reproductive tract has been minutely compared with that of man. 
The labia minora are represented by fine membranous folds in the anterior 
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portion of the vulva, and the labia majora are often incomplete, especially 
the ventral portion. The vaginal epithelium is papillated and many lymph 
nodes are present. In the early interval the cells are stratified and cornified; 
later, denudation sets in. Most leucocytes are found just after ovulation. The 
time of greatest denudation is from 9 to 19 days, and of greatest leucocyte 
flow at 2 days and again i day before menstruation, at the time of the decline 
in the color of the sexual skin. The vaginal secretions are acid (i). 

The cervical canal contains a pronounced fold, absent in man, which 
renders the passage tortuous. The uterine muscle contains a strong network 
of crossing fibers, absent in man, between the circular and longitudinal layers. 
At the myoendometrial boundary is a layer of cell islands. These are un- 
differentiated in the follicular phase, but at 12 to 14 days glycogen appears 
and the cells become flattened, so that the layer takes on the appearance of a 
muscularis mucosae. Dedifferentiation occurs at the end of the cycle. There 
are two main areas in which the blood vessels branch, the first at the level 
of these myoblasts, and the second near the surface of the mucosa. This 
second layer is mostly concerned in menstruation. Of the part of the en- 
dometrium which is shed at this time, two thirds is denuded early, and the 
last third after a slight interval From days 5 to 14 regeneration occurs. The 
glands and blood vessels are straight at this time. From 8 to 14 days mitoses 
are common and the glands are sprouting. From 12 to 14 days the glands 
become tortuous, the capillary net is well developed, and plasma begins to 
flow into the stroma. From 15 to 18 days the glands are more tortuous, their 
epithelium is higher, and the nuclei are pressed to the bases of the cells while 
secretion begins. At 18 to 24 days mitoses have ceased, and the secretion 
gives glycogen and mucin reactions. Just before menstruation one finds 
hyperemia of the blood vessels and an outpouring of leucocytes. The vessels 
suddenly break down with loss of their epithelium, and blood pours into 
the stroma; denudation follows owing to the loosening of the tissues by the 
previous edema. All these changes closely correspond with those found in 
man (i). 

In the ovariectomized female the injection of 250 to 1,000 R.U. of estrogen 
daily in increasing doses over a 12-day period (6,500 R.U. were injected in 
all) caused swelling of the sexual skin, and menstruation followed cessation 
of the injections (5), 

X, Joachimowitz, R. Biol. Gea., 4: 447-540, 1928. 

2. Herwerden, M. van. Tijdschr. Ned. dierk. Vereen., 10: 1-140, 1906. 

3. Spiegel, A. Zent f. Gyn., 22 : 1762, 1931. 
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4. Corner, G. W. Anat. Rec., 52: 401-410, 1932. 

5. Zuckennan, S. J. Physiol, 84: I935* 


Macaca nemestrina L. 
PIG-TAILED MACAQUE 


Puberty ia the female pig-tailed macaque is reached at about 50 months of 
age. The mean cycle length is 32.5 zh 1.5 days, the follicular phase lasting 
14 days and the luteal phase 15 to 16 days (i). The sexual skin is well marked; 
it begins to swell during menstruation and regresses shortly before the middle 
of the cycle. The body weight increases in the first half of the cycle and 
begins to decline with the sexual skin. This seems to be due to the edema 
which is associated with the swelling. Less fluid is taken in during the swell- 
ing phase, but the urine output is much higher during the involutionary 
or luteal phase (2). The sexual skin responds to estrogens when it has been 
denervated (3). The red cell count in the blood is lowest at the beginning 
and end of the cycle, and highest at the middle (4). The period of gestation 
in one case was 171 days, and there was no menstruation or sexual skin 
swelling during lactation (5). 

1. Zuckerman, S. Proc. ZooL Soc., London, 315-329, 1937. 

2. Krohn, P. L., and S. Zuckerman. J. Physiol., 88: 369-387, 1937. 

3. Zuckerman, S. Proc. Roy. Soc., London, iiSB: 22-33, 1935, 

4. Guthkelch, A. N., and S. Zuckerman. J. Physiol, 91: 269-278, 1937. 

5. Zuckerman, S. Proc. Zool Soc., London, 593-602, 1931. 


Macaca radiata Geofiroy 

BONNET MACAQUE 


The bonnet monkey of southern India has a cycle length typical for the 
genus; four cycles ranged from 25 to 36 days and averaged at 29.5 days. The 
duration of gestation from the probable date of conception, in 3 cases, was 
153, 166, and 169 days (i). The sexual skin is confined to the labia majora 
and the circumanal region, and is mostly an inconspicuous dark purple with 
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a little red at the margins of the labia and lateral streaks of red from the 
sitting pads and the tail base. There is a slight swelling of the area in the 
follicular stage (i). 

The ovaries are more elongated than they are in the rhesus monkey. In- 
terstitial tissue consists of a small amount of theca interna and abundant 
hyaline remains of atretic follicles. The cervix uteri is large and complex 
compared with that of the rhesus monkey, and it secretes much more mucus. 
Cyclical epithelial desquamation in the vagina is scanty (i). These facts 
greatly resemble those recorded for the related M. pleatiis, which has not 
been treated separately. 

Relaxation of the pelvic ligament as a preparation for parturition begins 
at about 5I4 months (2). After ovariectomy the injection of 500 M.U. daily 
of estrogen induces a mucous flow, but there is little difference in the color 
of the sexual skin, which also changes but little during the cycle (3). 

1. Hartman, C. G. J. Mammalogy, 19: 468-474, 1938. 

2. Hartman, C. G., and W. L. Straus. Am. J. Obst. and Gyn., 37: 4g8-5(jn, 1939. 

3. Parkes, A. S., and S. Zuckerman. J. Anat., 65: 272-276, 1931. 


Macaca mulatta Zimmer mann 
(=M. rhesus Audebert) 

BENGAL RHESUS MONKEY 


In its native habitat the rhesus monkey is said to mate mainly in Septem- 
ber and to give birth in March. This is in the Himalayas (i). In captivity 
the time of greatest fertility is from October to December, but breeding will 
take place at any time of the year. However, no -conceptions have been 
recorded for June and July when menstruation is irregular or absent. There 
is also a lack of conceptions during the summer months in the Southern 
Hemisphere (2,3). The age at puberty is about 3 years, but reproduction 
is not regular until about 4J4 years. Before this, menstruation may be ir- 
regular and it frequently occurs without ovulation (3). Puberty is reached 
gradually, with reddening of the buttocks as the first sign. This occurs, on 
the average, at 3,200 g. of weight, and the first menstruation at 3,600 g. (4), 
® 3)35° §• (range 3,040 to 3,850 g.) (3,5), but the average weight at first 
conception is 5,000 g. (3). The cycle length for a series from several labora- 
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tories gave a mode o£ 28 days; a mean o£ 27.36 ±: .17 days, and a standard 
deviation of 5 to 7 days, with 75 per cent o£ cases falling between 23 and 
33 days (3,4,6). The usual duration of menstruation is 4 to 6 days, with a 
spread from 2 to 11 days (6). 

The time of ovulation, which is spontaneous (7), has been determined by 
rectal palpation. It varies from day 9 to day 20 of the cycle, with a pronounced 
mode at 13 days. The mean is also 13 days, and 77 per cent of ovulations fall 
from days ii to 15 inclusive. However, in spite of its irregularity, the pre- 
ovulatory interval is much more constant than the postovulatory period, 
suggesting that the corpus luteum has a variable length of life as compared 
with the period of growth of the follicle (8). This is not in agreement with 
the condition found in other species, but the data are reliable. Ovulation 
occurs from the right ovary in 50.8 per cent of the cases, w^hich suggests that 
each sheds one egg with equal frequency. Lactation amenorrhea lasts, on the 
average, for 7 months (3). 

The female permits coitus at any time in the cycle, but desire is greatest 
about 2 days before ovulation. No premenstrual rise has been observed (9), 
in contrast to the condition in man. The majority of conceptions occur be- 
tween days II and 14, with a spread from day 9 to day 18 (3). Another 
record, which includes 160 pregnancies, gives the greatest fertility between 
noon o£ the eleventh and noon of the twelfth day of the cycle (10). 

The number of young is usually 1 ; occasionally twins are born. The period 
of gestation in 29 cases ranged from 146 to 180 days, calculated from the 
probable date of ovulation. The mean was 163.7 1.0 days, and the stand- 

ard deviation, 8.0 days. The sex ratio of 36 births was exactly even (3), 


HISTOLOGY OF THE FEMALE TRACT 


OVARY. The corpus luteum of the cycle grows mainly by hypertrophy of 
the granulosa cells, with some growth by theca interna cells in the folds of 
the collapsed follicular wall. There is very little extravasation of blood at 
ovulation, and the fully formed corpus luteum is a solid structure with a 
prominence at the rupture point. Lipid degeneration of the cells occurs at 
the time of menstruation, and traces of the corpora persist for several cycles. 
The maximum size of the corpus luteum of the cycle is about 5.5 mm. in 
diameter (3,11). Three types have been described: the first is the normal one; 
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the second is a corpus luteum aberrens, which does not seem to produce pro- 
gesterone and which contains large numbers of theca-lutein cells. This is 
a normal corpus luteum degenerating in an atypical manner. The third is 
similar but is derived from luteinized unruptured follicles (12). The nature 
and fate of the lipids in the cells have been carefully followed (13). The size 
of the ovum without the zona pellucida is 80 in diameter; with the zona 
it is 109 M (3). 

VAGINA. The vaginal epithelium has waves of growth and cornification 
which reach their height at the time of ovulation, and of desquamation, 
which is greatest just after ovulation (6). The vaginal lavage follows a 
similar curve with the greatest number of desquamated cells at the expected 
time, i.e., just after ovulation. Leucocyte counts fall near the mid-cycle and 
rise just before menstruation. On the whole the smear is not a good indica- 
tion of the reproductive state, but the number of live leucocytes, i.e., those 
that resist the entrance of dye in a fresh lavage, appears to be significant (3). 
The cells of the vaginal wall are filled with glycogen (6) . 

UTERUS. The cervix uteri has several diverticuli in the canal and is more 
contorted than that of man. The line of transition between the cervical and 
vaginal epithelium is clear, but it varies in position in different animals (14). 
The uterine mucosa after the postmenstrual repair has a low surface epi- 
thelium; the gland tubules are straight and slightly dilated. Glycogen is 
most abundant in the cells at this time. In the lutein phase the glands be- 
come spiral and greatly dilated, and their epithelium is high, with roughened 
surfaces. The surface epithelium is high, the stroma becomes spongy, and 
mitoses are absent throughout the period. During menstruation blood is 
extravasated in the superficial layer of the endometrium, and the resulting 
hematoma lift off the epithelium and much of the mucous layer. Regenera- 
tion starts from the glandular epithelium (6). 

Menstruation without ovulation has been described, and it appears to be 
especially frequent in adolescent monkeys. It occurs through the partial 
destruction of a preovulatory type of endometrium, and the usual pre- 
menstrual changes do not occur at all (15). 

A few red blood cells may be found in the vaginal lavage at about ovula- 
tion time in many monkeys. Their appearance is much more frequent in 
winter, at the height of the breeding season, than in summer. Their origin 
docs not seem to have been ascertained, and, in view of the occurrence of 
postestrous and proestrous bleedings in lower forms, further work might 
lead to results of interest (3). 
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Two types of arteries have been described in the endometrium. One type 
consists of longer arteries coiled for the entire height of the endometriums 
with many elastic fibrils in their coats. The other type consists of smaller 
arteries which supply the pars basalis. They are devoid of elastic fibrils. The 
first types degenerates after ovariectomy but the second does not (i6). The 
first type is involved in the breakdown which occurs in menstruation (17). 

The cilia in the oviducts are active at all times during the cycle (6). Mitoses 
in the epithelium are most abundant at the time when the largest follicles 
are present in the ovaries, and they are most frequent at the ovarian end. 
Estrogen injections cause mitoses to appear in the tubal epithelium of ovari- 
ectomized females (18). 


PHYSIOLOGY OF THE FEMALE TRACT 


There is an evanescent swelling of the sexual skin in new-born monkeys 
of both sexes (19). This recalls the so-called genital crisis, or activity of the 
reproductive tract, which has been found in guinea pigs. It is believed to be 
due to the placental transmission of maternal hormones. 

Bilateral ovariectomy at the beginning of menstruation is not followed by 
another period. If the operation is performed 72 hours or more after its 
beginning, or in the preovulatory phase, menstruation follows 5 to 6 days 
later even though the regular menstruation had not ceased at the time of 
the operation (20). These results are significant in relation to the occurrence 
of menstruation without ovulation. Ovariectomy in the postovulatory phase 
is also followed by bleeding (21). Hysterectomy has no effect upon the 
ovaries or on the cycle, as judged by vaginal desquamation or by sexual 
skin swelling (22,23) . 

In contrast to the results of ovariectomy, hypophysectomy early in the cycle 
is not followed by bleeding. If it is done in mid-cycle, when the sexual skin 
is well developed, bleeding follows after an interval of 2 to 4 days (24). 

Abrupt changes in the color of the sexual skin do not occur during the 
cycle, but the color reaches its maximum intensity during the third week 
and diminishes before the end of the cycle. The swelling follows a similar 
series of changes (25). The skin is brilliantly colored during pregnancy. 
As the brilliance is known to be produced by the action of estrogens, this 
is to be expected (3). 
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The pH of the vaginal secretions of immature monkeys is 6.8 to 7.2. Under 
the influence of estrogen injections it fell to 5.5 to 6.0 (26) . In mature ovariec- 
tomized females a fall from a level of 6.0 to 5.0 followed the injection of 
estrogens (27). 

The erythrocyte count in the blood is lowest at the beginning and end of 
the cycle and highest at the middle. In the ovariectomized female it rises 
if estrogens are injected (28). 

The excretion of estrogens in the urine of pregnant monkeys rises to a 
level of 75 to 450 I.U. per day by 60 to no days of pregnancy. It remains at 
a high level until a few days before parturition and then drops slightly. 
Androgens are excreted at a maximum level of 7 to 10 I.U. daily. The excre- 
tion of estrogens drops rapidly after parturition, but androgens continue to 
be excreted for a month (29) . 

Ovariectomy may be performed as early as the twenty-fifth day of preg- 
nancy without causing abortion. The bright red color of the sexual skin is 
maintained throughout gestation and lactation, thus giving further proof 
that during pregnancy estrogens are secreted by tissues other than the 
ovaries (30). 

The female is sexually very interested in the male at from 16 to 25 days 
of pregnancy (31) . The placental sign, extravasation of blood from the uterus, 
which may be detected in the vaginal lavage, is first given at from 15 to 20 
days, and it lasts 20 to 22 days (32) . The pelvic ligament relaxes at 5% months 
of pregnancy and is firm again within 3 to 4 weeks after parturition. These 
changes also occur in the ovariectomized pregnant monkey (33) . Gonado- 
trophic hormones may be detected in the urine for a few days, i.e., from days 
19 to 25, during pregnancy (34). 

The activity of the oviducts during the cycle has been investigated. 
Spontaneous activity is lowest during the follicular phase. At ovulation the 
contraction rate is 8 to 13 per minute; it is not very regular and is rather 
undulatory in character. Contractions are slower during the lutein phase, 
but are more regular, with a rate of 3 to 8 per minute (35). The degree of 
spontaneous activity is said to be greatest at this time and during menstrua- 
tion than it is in the follicular phase (36) . 

Progesterone in the blood has been found to be highest at days 10 to ii 
of the cycle. It falls gradually during the lutein phase (37). 

By calculating the minimal amount of estrogen needed to maintain die 
sexual skin in the ovariectomized female and to prevent the onset of men- 
struation, it has been deduced that the minimal daily output of estrogen 
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by the female macaque is 150 to 200 LU. (38). The immature female re- 
quires 8 to 10 R.U. of estrogen daily to produce some reddening of the sexual 
skin, but 20 R.U* daily rising to 80 R.U. caused swelling as well as reddening. 
It took a week for the reddening to become appreciable, and by 22 days it 
was maximal The epithelial cells in the vaginal smear increased and leu- 
cocytes decreased. The uterus grew, also the cilia in the oviducts, but the 
ovaries weighed less than normal (3940) . 

In the mature ovariectomized macaque the injection of estrogens causes 
growth of the endometrium to the preovulatory stage. If they are given 
in threshold doses, i.e., from 75 to 150 I.U. daily, varying with the animal, 
and injections are continued at this level, bleeding occurs at intervals of 
from 5 to 8 weeks. Higher doses prevent the bleeding from occurring. It is 
believed, therefore, that the threshold of estrogen activity rises and falls in 
a rhythmic manner (41). These facts have given rise to the ‘‘estrogen with- 
drawal” theory of menstruation, which states that growth of the endo- 
metrium is due to the action of estrogen and that when the growth stimulus 
is removed degeneration sets in with consequent bleeding. The average dose 
that will build up the uterus to the stage where bleeding sets in after its cessa- 
tion is about 125 I.U. daily for 10 days. The endometrium can be maintained 
after the building up by the daily injection of 50 to 100 I.U. of estrogen or 
by 0.5 mg. (= 0.5 I.U.) of progesterone (38,42) . While 0.5 Rab.U. of proges- 
terone will inhibit bleeding for a time, it will not do so indefinitely; for this 
to occur at least i RabU. is required (43) . 

The threshold single dose of estradiol benzoate which is followed by 
bleeding is 0.75 to i.oo mg. However, in continued tests upon one animal the 
threshold appears to be low^er if the initial dose is high and later injections 
are decreased, and higher if the initial injection is low and the threshold is 
reached by increasing the amount (44). 

By use of the colchicine technic, which causes the accumulation of mitotic 
figures, the degree of sensitivity of various parts of the tract to estrogens 
has been worked out. Epithelial tissues are most sensitive, then stroma cells, 
and, lastly, muscle cells (45). The response of sexual skin to estrogens does 
not depend upon the nervous system, as denervated skin gives the usual 
reaction (46). 

The bleeding which follows estrogen deprivation may also be prevented 
by the injection of testosterone propionate at the rate of 5 mg. daily. This 
amount will not prevent the bleeding which follows progesterone with- 
drawal, but 25 mg. daily has this effect (47). This amount injected into 
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normal females inhibits ovulation and menstruation and causes the clitoris 
to enlarge (48). The level of hormones required to produce progestational 
proliferation of the endometrium is 150 LU. of estrogen daily together with 
0,5 mg. of progesterone (4349)* 

The ovaries of hypophysectomized monkeys will grow follicles if 50 LU. 
of pregnant mares’ serum is injected daily. If this is followed for 3 days by 
100 LU., they may be brought to the ovulation level (50). P.M.S. also ap- 
pears to be the best substance at present available for causing ovulation in 
the summer anestrous period, but it is easy to produce overstimulation and 
luteinization. A dose of 200 LU. daily has given the best results (51), but 
the time at which injections are made is important. The best time is from 
the sixth to eighth day of the cycle (53). 


THE MALE 


The male rhesus monkey does not have a sexual skin (53) . He excretes 
i.o to 4,7 LU. of androgens and i.i to 2.5 LU. of estrogens each 24 hours (54). 

In the presence of the testes or during the injection of testosterone the 
contractility of the vas deferens and seminal vesicles is inhibited, but the 
injection of estrogens stimulates them (55). The castrated adult requires 
the daily injection of 5 mg. of testosterone propionate to restore the sexual 
skin to its normal color (however, see above) and to produce normal ac- 
cessory organs. When they are produced, they may be maintained with 
weekly injections of 17.5 mg. (56). In the hypophysectomized male 200 LU. 
of P.M.S. gave some repair to spermatocytes. Given immediately after hypo- 
physectomy, the same dose reduced the rate of degeneration of the testes, 
maintaining spermatogenesis for 20 days (50) . 
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Plate VIL Uterus of Macaca mulatta, changes in the cycle. Upper left: Proliferative 
endometrium. XT3. (From G. W. Corner, Contrib. to Embryo!., No. 75.) Upper 
right: Progestational endometrium. X13. (From G. W. Corner, Contrib. to Embryo!., 
No. 75.) Lower left: Menstruation from proliferative endometrium, anovulatory cycle. 
X13. (From G. H. Daron, Am. J. Anat., 58: 349-419, 1936, by courtesy of Dr. G. W. 
Bartelmez.) Lower right: Menstruation from progestational endometrium, ovulatory 
cycle. X13. (From G. H. Daron, Am. J. Anat., 58: 349-419, 1936, by courtesy of 
Dr. G. W. Bartelmez.) 



Plate VHI. Follicular atresia, guinea pig. Top: Early stage. Note 
fragmentation of granulosa cells. H and E. xioo. Center: Next stage. 
Note some disappearance of granulosa fragments and some growih of 
theca interna. H and E. xroo. Bottom: Later stage. Note that the cavity 
is now hllecl with thecal cells. H and E. xioo. 
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Macaca sinica L. 
TOQUE MACAQUE 


The toque macaque o£ Ceylon has been treated here as a separate .species 
from the bonnet macaque of Bengal, following modern usage. 

The vagina is imperforate until puberty, which is reached at an age from 
2% to 3 years. At first, mucus is discharged, later bleeding set.s in regularly 
in gradually increasing quantities. Puberty is accompanied by the reddening 
of some areas on the face. The sexual skin does not become edematous and 
it fades from bright purple to brownish after menstruation. There is a very 
large colliculus in the cervix uteri. The latter secretes large quantities of 
mucus during the cycle, which is usually 29 days in length. Menstruation 
lasts I to 4 days (i). 

I. Hill, W. C. 0 . Ceylon J. ScL, Sect D., 5; 21-36, 1939. 


Macaca sylmnus L, 
BARBARY APE 


The cycle of the Barbary ape is usually from 27 to 33 days, with menstrua- 
tion lasting 3 to 4 days. The sexual skin is at a maximum at from 9 to ii 
days and remains so for 4 days, after which regression is gradual. The vaginal 
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smear is not very informative, but just before menstruation it is caseous and 
richer in epithelial cells. The injection of 310 R.U. of estrogen daily into 
an immature female causes the sexual skin and uterus to develop. If this is 
followed by 24 Rab.U. daily of progesterone, the uterine glands develop to 
the premenstrual level (i). The gestation period is about 210 days. 

I, Courrier, R. Bruxelles Med., March i, 1936. 


Papio cynocephalus Desmarest 
YELLOW BABOON 


The mean cycle length in two females of the yellow or Guinea baboon 
was 33.3 ±: .7 days, the range was 25 to 41 days, and the mode was 31 to 32 
days (i). 

I. Zuckerman, S. Proc. ZooL Soc., London, 315-329, 1937. 


Papio doguera Pucheran 
DOGUERA BABOON 


This baboon is probably the one described as P. anubis. If so, the follow- 
ing record is relevant. The mean length of 20 cycles was 34.7 ± .5 days, 
with a range of 28 to 38 days and a mode of 35 days. Menstruation is observed 
in this species (i). 

I. Zuckerman, S. Proc. Zool. Soc., London, 315-329, 1937. 


Papio hamadryas L. 
SACRED BABOON 


The sacred baboon breeds all the year round, but the height of the season 
is from May to July and the lowest point is in January and February (i). 
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The cycle is 31.4 ± .4 days (2) or 36.2 zb 1.5 days. Earlier cycles tend to 
be longer than those observed after the animals have settled down to labora- 
tory life. The modal length of the cycle is 33 days in both series, and the 
follicular phase lasts 15 to 19 days. The duration of the lutein phase is 14 to 
15 days (3). The number of young is usually i, rarely 2 (4), and the period 
of gestation is about 183 days (5). 

The reproductive tract is similar to that of P. porcarius, but the organs are 
smaller. The endometrium in the early lutein phase is 3.1 mm. deep, with 
high columnar epithelial cells which have granular cytoplasm and large, 
oval, vesicular nuclei, usually at the base of the cells. There is a good base- 
ment membrane; the glands are tortuous and are without the basal buds 
which have been described in man. The glands are barely secreting; there 
is no edema and few polymorphs. In the region of the isthmus the glands 
arc shallower, wider, and mostly empty. At the end of menstruation the 
extravasated blood is localized, the glands straight, long, and thin, with little 
secretion. There are numerous leucocytes and also a good basal membrane. 
In the follicular phase the endometrium is 3.8 mm. thick. The free edge of 
the columnar epithelium is covered by a thin layer of secretion. The nuclei 
are large with numerous mitoses. The glands are simple, straight tubules, 
few in number and with little secretion. Numerous mitoses and many 
wandering cells are present. The stroma is open, with numerous mitoses and 
many leucocytes (2) . 

Ovariectomy causes an immediate reduction of the color of the sexual skin 
below the resting level. From 60,000 to 80,000 M.U. of estrogen are needed 
to cause complete swelling of this area (6), 

After castration the male loses its cape of gray fur and the sexual skin 
regresses, both on the snout and on the buttocks. The injection of testosterone 
at the rate of 100 mg. per week restored all these features. The snout began 
to color in 2 weeks, the buttocks were enlarged and began to color in i month, 
and the cape was restored in 5 months (7). 

1. Hartman, C. G. J. Mammalogy, 12: 129-142, 1931, 

2. Zuckerman, S., and A. S. Parkes. Proc. ZooL Soc., London, i39-*i9i, 1932. 

3. Zuckerman, S. Proc. Zool. Soc,, London, 315*329, 1937. 

4. Shortridgc, G. C. The Mammals of South West Africa. London, 1932. 

5. Zuckerman, S. Proc. ZooL Soc., London, 325-343, 1931. 

6. Parkes, A. S., and S. Zuckerman. J. Anat., 65; 272-276, 1931. 

7. Zuckerman, S., and A. S. Parkes. J, Endocrinol., i; 430-439, 1939. 
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Papio leucQphaeus Cuvier 
DRILL 

The drill has a menstrual cycle of 32.6 dr ,9 days (i). The injection into 
an immature male of 50 mg. of testosterone twice weekly, working up to 
300 mg. weekly, caused the premature development of secondary sexual 
characters. Within a week the circumanal region of red extended and be- 
came more intense; this condition was followed by swelling. At the end 
of the first month the face began to change color, and, by the third month, 
it resembled that of an adult male. In three months the scrotum began to 
color. Removal of one testis proved the immaturity, and when the injec- 
tions were stopped the colors faded and the swelling subsided (2) . 

1. Zuckerman, S. Proc. Zool. Soc., London, 315-329, 1937. 

2. Zuckerman, S., and A. S. Parkes. J. Endocrinol., i : 430-439, 1939. 


Papio porcarius Brunnich 
{—P. comatus Geoffrey) 

CHACMA BABOON 

The Chacma baboon of South Africa breeds at any time of the year (i). 
Puberty is probably reached at about 4 years of age (2). The cycle is irregular 
in its length, but the external changes, i.c., swelling of the perineal region 
and vaginal discharge, are much more pronounced than they are in most 
monkeys. A record of 9 cycles in one female gave a range from 34 to 67 
days, with an average of 41 days (3) ; another series of 4 ranged from 30 to 
39 days, average 35 days (4) ; a series of over 20 cycles in different baboons 
ranged from 29 to 63 days, average 42 days (5) . The modal point is difficult 
to determine with such a large spread, but it appears to be about 34 to 36 
days. However, the figures include many winter cycles when the length tends 
to be much greater than it is during the fall (5). One, rarely two, young are 
born at a time, and the period of gestation is about 7 months (6). There is 
no ovarian activity during lactation (7). 
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The area of external swelling extends from the root of the tail to a curved 
line drawn through the junction of the abdominal wall with the front of 
the thighs. The changes in this area may be divided into three periods: 
perineal rest, perineal turgescence, and perineal detiirgescence. The period 
of perineal rest begins i to 5 days before menstruation and continues through 
menstruation and afterwards for 7 to 25 days. The period of turgescence 
lasts from ii to 19, usually for 16 days. There is a sudden diminution in the 
degree of swelling 24 hours before the maximum is reached, then a sudden 
great increase which lasts i day. It is believed that the sudden fall coincides 
with ovulation. Perineal deturgescence is usually rapid, but may last from 
4 to 18 days, and shows great variability. In winter turgescence lasts a shorter 
time, and the rest period is longer, than at other times of the year. The degree 
of swelling is greatest in April and May, i.e., during the fall. At the beginning 
of turgescence a thick white discharge oozes from the vagina. This becomes 
thicker until maximum turgescence is reached, and at this time it forms a 
false vaginal plug. About 8 days before the onset of menstruation the secre- 
tion becomes scanty, thin, and clear (5). 

Menstruation lasts overtly for 4 to 9 days, though red blood cells may be 
detected microscopically in the vaginal lavage for 4 to 19 days, but usually 
for 9 days (5). 

The changes in the internal organs have been well worked out and they 
are described as resembling those found in P. hamadryas. The size of the 
resting follicle is about i mm. in diameter, and of the mature follicle, 6.3 mm. 
There is a wave of growdi at the beginning of the follicular phase, but it 
is not necessarily the largest follicle which ovulates. No conelike extrusion 
forms on the follicle which is destined to rupture. At ovulation some blood 
is extravasated, and it remains mostly at the periphery of the developing 
corpus luteum. After rupture the follicle shrinks to 4 mm., and all its layers 
are much folded over so that the developing corpus luteum is lobulated. 
Full development is reached very slowly, and theca cells do not share in the 
luteinization. During menstruation the cells of the corpus luteum become 
vacuolated, and connective tissue increases enormously. The lutein cells 
measure 11.8 /x at their maximal development, which is reached after 7 days 
in the corpus luteum of the cycle. The maximal size of the corpus luteum 
during pregnancy is 6.7 mm., with the cells averaging 21.2 There is no 
evidence for waves of follicular growth and atresia during pregnancy. The 
corpus luteum persists throughout this period but disappears rapidly after 
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parturition. Hyaline atresia o£ follicles is found but is not so frequent as in 
Macaca ims (8) . 

Growth and keratinization of the stratified vaginal epithelium begins 
during menstruation. It continues throughout the follicular phase and pro- 
duces a characteristic corrugation of the epithelium. Cornification is in- 
tensified at ovulation, and there is considerable sloughing after it. At this 
time leucocytes are scarce, but they increase throughout the luteal phase (8), 

During the luteal phase the endometrium is 5.4 mm. thick. The epithelium 
is high columnar, with oval vesicular nuclei. Few leucocytes are present. 
The glands are very coiled, with numerous basal buds, and they secrete dur- 
ing the mid-luteal phase. The stroma is edematous in its middle zone. At 
menstruation about two thirds of the endometrium is sloughed off (8) . 

The cervix is coated with stratified epithelium for 3 to 4 mm. from the 
os uteri, then there is an abrupt change to columnar epithelium, with glands 
which enlarge enormously during pregnancy. There is little morphological 
change during the cycle, but much secretion occurs in the mid-luteal 
period (8). 

The medial third of the oviduct is straight and the rest is coiled. The 
fimbriated end is large and deep red. The oviduct as a whole increases in 
vascularity immediately after ovulation (8). 

If progesterone is injected in the first half of the cycle, deturgescence re- 
sults and menstrual bleeding may occur. The minimal dose for deturgescence 
is 3 mg., and for bleeding, 20 mg. in a single dose, or 15 mg. if it is given 
in 5 mg. doses at 3 to 4 days apart (9) . Deturgescence is also caused by the 
injection of estradiol benzoate early in the cycle; o.i mg. produces slight 
deturgescence, but with i.o mg, it is complete. As the cycles were lengthened, 
it is believed that the effect is produced by an action upon the ovaries (10). 
In the spayed baboon the minimal daily dose for 15 days sufficient to produce 
slight tiirgescence was 0,01 mg. of estradiol benzoate. Daily injections of 
0.02 to 0.04 mg., usually 0.04 mg., produced an effect similar to that found 
in the normal baboon. The daily dose needed to build the endometrium 
to a state in which bleeding followed the cessation of injections was .01 to 
.06 mg., usually o.oi to 0.02 mg. (ii). 

1. Zuckerman, S, Proc. Zool, Soc., London, 325-343, 1931. 

2. Zuckerman, S. Proc. Zool. Soc., London, 315-329, 1937. 

3. Distant, W. L. Zoologist, Series 4, i; 29-32, 1897. 

4. Gear, H, S. South African J. Sci., 23: 706-712, 1926, 
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5. caiman, J. South African J. Sci., 32-. 342-355> m 5 - 

6. Shortridge, G. C. The Mammals of South West Africa. London, 1932. 

7. Zuckerman, S. Proc. Zool. Soc., London, 593-602, 1931. 

8. Zuckerman, S., and A. S. Parkes. Proc. Zool. Soc., London, 139-191, 1932. 

9. Gillman, J. Endocrinol., 26: 80-87, 1940. 

10. Gillman, ). Endocrinol., 29: 633-638, 1941. 

11. Gillman, J. Endocrinol, 31; 172-178, 1942. 


Presbyiis entellus Dufresne 
LANGUR 

Not much has yet been learned of reproduction in the Indian langur. 
Menstruation is said to occur each month and to last about 4 days. Extravasa- 
tion of blood begins on the dorsal side of the uterus. The epithelium of the 
cervix is not cast off during menstruation, and the glands in this region 
actively secrete during this time. In general, the uterine changes recall those 
found in the macaque. Ovulation probably occurs in the interval, but men- 
struation may happen without it (i). 

The langur not infrequently has twins (2) . An immature male was in- 
jected with testosterone twice weekly. By 4 weeks the glans protruded from 
the penis, and the sexual skin reddened and became enlarged (3) . 

1. Heape, W. Trans. Roy. Soc., London, 185B: 411-471, 1894. 

2. Blanford, W. T. Fauna of British India, Including Ceylon and Burma. Mammalia. 
London, 1888-91. 

3. Zuckerman, S., and A. S. Parkes. J. Endocrinol, i: 430-439, 1939. 


Other CERCOPITHECIDAE 


SPECIES 

BREEDING GESTATION 

SEASON PERIOD 

HABITAT, 

ETC. 

CercQcehus alhigena 

Gray 

Gray-cheeked Mangabey 

Cycle length 

29 days av. 
menstruates, 
sexual skin 
swells (Zuckerman) 

Congo 
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SPECIES 

BREEDING 

SEASON 

GESTATION 

PERIOD 

HABITAT, 

ETC. 

Cercopithectis cynosnra 
Scopoli 

Guenon 


7 months 

W. Africa 

C. mlth 

Wolf 

Pluto Monkey 

Cycle length 

30 days(?). 
Menstruates 
(Zuckerman) 


Cent. Africa 

Macaca maurus 

Cuvier 

Moor Macaque 

30-40 days 
cycle 

(Zuckerman) 


Celebes. Striking sex- 
ual skin changes 

Papio sphinx L. 


220 days 


Mandrill 


270 days 


Presbytis priamus 

Blyth 

Madras Langur 


196 days 

India 


HYLOBATIDAE 
Hylobates hainanus Thomas 
HAINAN GIBBON 


The Hainan gibbon, according to the observation of one specimen, reaches 
puberty at about 7 years of age. Menstruation recurs at intervals of a little 
over a month and it lasts about 2 to 3 days (i). 


I. Pocock, R. I. Proc. Zool. Soc., London, 169-180, 1905(2). 
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Hylobates lar L. 
GIBBON 


The average length of 17 cycles in two adult females of the gibbon was 
29.8 ± .6 days, with a range from 21 to 43 days. Bleeding lasted 2 to 5 days, 
averaging 2.4 days. There is no sexual skin swelling, but the labia vary in their 
degree of extrusion and coloriitg (i). Puberty is probably reached at the age 
of 8 to 10 years, and there is no regular breeding season (2). One young 
is born at a time. 

r. Carpenter, C. R. Anat. Rec., 79: 291-296, 1941. 

2. Carpenter, C. R., and A. H. Schultz. Comp. Psychol. Monog., 16: t-212, 1940. 


Hylobates hooloc\ Harlan 
WFIITE-BROWED GIBBON 


The white-browed gibbon of India has i young at a birth. 


PONGIDAE 
fan satyrus L. 
CHIMPANZEE 


The chimpanzee breeds all the year round. Puberty is gradual with swell- 
ing of the sexual skin as the first sign of its approach. This may last for some 
months, and then the swelling subsides, upon which menstruation follows 
in a few days (i). The mean age at first menstruation (nienarche) is 8 years 
II months. The young females are not immediately fertile, and they may 
not become pregnant for from 4 months to 2 years, with a usual interval of 
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from I to 1% years. The mean cycle length during the first few months is 
50 ±: 4.4 days; later, when the females are fully adult, the mean length 
becomes 34 to 35 days, which may be taken as the true mean cycle length. 
In adolescents, during winter, there is a tendency to a prolonged preswelling 
stage with amenorrhea. Isolation, copulation, and the sex of the cage mate 
have no effect upon the cycle length. The most constant parts of the cycle 
are the postswelling stage and menstruation. The latter lasts about 4 days 
in adolescents and 2 to 3 days in adults (2) . The spread is from i to 7 days (3) . 

The sexual skin does not show such marked color changes as those ob- 
served in macaques, but the swelling is very great, amounting in some cases 
to an increase of 1,400 cc. in volume. It is caused by the accumulation of 
intercellular fluid. For several days after menstruation the sexual skin area is 
quiescent, then swelling begins, the time depending upon the length of the 
cycle. At first the labial and circumanal regions are involved, then it spreads 
anteriorly through the prepudendal region and laterally to the callosities. 
Usually the maximal swelling is reached at about the fifteenth day of the 
cycle, and it subsides about 11 days before menstruation begins, but there 
is often a partial renewal a day before menstruation. Detumescence is rapid, 
occupying about 48 hours (3) . The two periods of maximal swelling coincide 
with, or just precede, the periods of greatest estrogen excretion in the urine. 

Ovulation occurs usually from the sixteenth day of the cycle onwar'd, as 
judged by the dates of fertile matings, but it is believed that a more accurate 
dating can be made by referring it to the probable date of the next menstrua- 
tion. By this method it is believed to occur about 14 days before the next 
missed period, a time which is in close agreement with that in macaques 
and man (4). A definite rhythm of sexual receptivity has been observed. 
This is zero during menstruation and in the immediate postmenstrual period. 
Maximal receptivity occurs between the middle' and the end of the time of 
maximal swelling, then it falls to zero and remains so for the rest of the 
cycle, i.e., it falls abruptly at days 18 to 22 (5). 

The vaginal smear changes somewhat during the cycle. The number of 
epithelial cells falls just before menstruation and increases early in the lutein 
phase. Leucocytes are very variable (6). A vaginal plug is formed after 
copulation (7). 

The number of young born is usually i; occasionally there are twins; and 
the mean duration of gestation is 236.5 ±: 2.1 days from the probable date 
of conception. The range is from 216 to 261 days, and the standard deviation 
is 13.3 days (8). 
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The excretion of estrogens in the urine amounts, at its maximum, to 200 
to 400 LU. per 24-'hour sample. The peak is reached at the time of maximal 
genital swelling and just before menstruation. The excretion of androgens 
is about 4 to 8 LU. daily, and it is subject to irregular variation. Males excrete 
about twice as much androgen and somewhat less than half as much estrogen 
as females (9,10). 

The injection of R.U. of estrogen ovei 3 days into an ininiatuie 
ovariectomized female caused sexual skin swelling to begin. It reached its 
maximum by 15 days, when 16,000 R.U. had been given (n)* 

The Aschheim-Zondek urine reaction for the diagnosis of pregnancy is 
given by the chimpanzee, but it appears to be usable only for a limited period 
toward the beginning of pregnancy (12). This reaction depends upon the 
excretion of gonadotrophic hormones. 

1. Schultz, A. H., and F. F. Snyder. BuL Johns Hopkins Hospital, 57: 193-205, 1935. 

2. Young, W. C., and R. M. Yerkes. Endocrinol., 33: 121-154, 1943. 

3. Elder, J. H., and R. M. Yerkes, Anat. Rec., 67: ii 9 -'i 43 » 1936- 

4. Elder, J. H. Yale J. Biol and Med., 10: 347 - 3 ^ 4 , 193^* 

5. Yerkes, R. M. Human Biol, ii: 78-111, 1939. 

6. Tinkelpaugh, O. L., and E. van Campenhout Anat. Rec., 48: 309-322, 1931. 

7. Tinkelpaugh, O. L. Anat. Rec., 46: 329-332, 1930. 

8. Yerkes, R. M., and J. H. Elder. Yale J. Biol and Med., 10: 41-48, 1937. 

9. Allen, E., A. W. Diddle, T. H. Burford, and J. H. Elder. Endocrinol, 20: 546-549, 
1936, 

10. Fish, W. R., W. C. Young, and R. I Dorfman. Endocrinol, 28; 585-592, 1941. 

11. Zuckerman, S,, and ]. F, Fulton. J. Anat., 69: 38-46, 1934. 

12. Zuckerman, S. Am. J. Physiol, no: 597-601, 1935. 


Other PONGIDAE 


SPECIES 

BREEDING 

SEASON 

GESTATION 

PERIOD 

HABITAT, 

ETC. 

Gorilla gorilla 
Wyman 

Gorilla 

Cycles about 

45 <lays 
(Nobach) 


Cent. Africa 

PoTigo pygmaeus 
Floppius 

Orang-utan 

Cycles about 

39 days (Zuckerman). 
Sexual skin swelling 
restricted to pregnancy 
(Schultz) 

8-9 

months 

Malay Archipelago 
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HOMINIDAE 
Homo sapiens L. 
MAN 


The literature relating to reproduction in man has not been covered as 
thoroughly as that relating to other species since many excellent books are 
available dealing with the subject. In this review a few points have been 
emphasized in order to illustrate the essential similarity between human 
reproduction and that of other species. Experimental difficulties limit the 
amount of knowledge on many points which have been worked out in 
other mammals. 

The mean age at the menarche for about 115,000 cases, mostly of whites 
in many countries, is 1545 — *^^4 standard deviation, 2.15; and mode, 
14.5 years. It is generally held that it is earlier in races living in warm climates 
than in those inhabiting colder ones. The evidence hardly supports this view, 
and doubtless other factors, especially that of nutrition, modify the data, 
which have been summarized in graphic form (1,2). The menarche occurs 
much less frequently in summer than in winter in New York (3). The 
human subject probably frequently experiences menstrual periods without 
ovulation in the earlier years of reproductive life, and a few such cases have 
been recorded (4) , 

Accurately recorded cycle lengths are few and far between, and the vari- 
ability is greater than is usually realized. Material gathered from several 
sources gave, after abnormally long cycles had been eliminated, following 
our practice with other mammals, a mean length of 28,32 di 0.6 days, a 
standard deviation of 5.41 days, and a modal length of 27 to 28 days. Eighty 
per cent of the cycles lay between 21 and 34 days. These figures are very 
close to similar ones calculated for the rhesus monkey; the mean length 
is one day more in man. The duration of menstruation normally varies from 
2 to 8 days, with a mode at 5 days (5). 

The time of ovulation in relation to the cycle has occasioned much con- 
troversy. Several lines of evidence agree in dating it near the middle, count- 
ing from the first day of menstruation (6) . According to some workers (7) 
it occurs invariably 15 days before menstruation, but most are unwilling to 
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agree that it is so definitely fixed. It would constitute a most unusual biologic 
cal phenomenon i£ there were not some variation. Attempts have been made 
to solve the problem by plotting the times at which a single coitus within 
the cycle must have been the cause of a pregnancy (8). These have shown 
tliat conception may result at any time but that it is most likely in mid-^cycle. 
Work of this nature is open to the criticism that it depends upon statements 
which may be unreliable. Biologically it is only an approximation because 
the data are plotted on a standard 28-day cycle which is merely the average 
duration. The data cannot be plotted exactly since the fact that pregnancy 
has ensued interrupts the cycle. 

A phenomenon which, so far, has only definitely been found in man is 
the menopause, or cessation of ovarian function, at a fairly definite time of 
life. This is a very gradual process, as, toward the end of reproductive life, 
the cycles become more irregular. The modal age at the menopause has been 
given at 49 years (i). The ovaries become less responsive to gonadotrophic 
hormones at this time, and the amount of follicular atrophy increases to- 
gether with the amount of connective tissue. The amount of F.S.H. in the 
anterior pituitary increases and a gonadotrophe consisting almost entirely of 
or its equivalent, appears in the urine. These changes in the activity 
of the pituitary and excretion of F.S.H. are also found in ovariectomized 
women soon after the operation (9). Probably, if wc had more information 
upon the latter part of life in other primates, similar findings would be 
recorded for them. The cessation of reproduction in rats is a much more 
gradual process, some ceasing early and others continuing to be in good 
reproductive condition to the end of a very long life. They do not show a 
cessation of reproduction at a fairly definite age as does man. 

Fecundity has been thoroughly studied, and the results may be found in 
books on population statistics. Twinning usually occurs once in about 83 
births; triplets are said to occur once in 83- and higher numbers in increasing 
powers, an approximation which gives a good idea of their frequency, Hosph 
tal records suggest that twinning is more frequent in East Indians and in 
Negroes than it is in whites (10), but the data may be biased as it is probable 
that hospitalization is more frequent among colored races when birth dif- 
ficulties are anticipated. This illustrates the difficulty encountered in assessing 
the value of any human statistics in which complete registration is not the 
rule. Identical twins, or those which arise from one fertilized egg (monozy- 
gotic twins), are frequent, accounting for 25 per cent of all twins born. The 
sex ratio for a very large body of statistics is 51,05 per cent males. Racial 
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and national differences have been observed, but it is not clear how far these 
are due to imperfections of registration. 

The duration of gestation is usually calculated from the first day of the 
last menses. One set of data calculated in this way gave 280.2 ± .3 days, 
standard deviation 9.2 days. Another set calculated from the last day of 
the last menses gave 274.0 ±: .3 days, standard deviation 10.4 days. When 
allowance is made for the duration of menstruation, these averages are in 
close agreement. If the average date of ovulation is 13 days from the last 
menses, the average actual duration of gestation is 267 days. The duration 
of gestation in man is more variable than it is in any other species with 
available records (ii). 

The histology of the tract of women is similar to that of the rhesus and 
the crab-eating monkey (Macaca)^ and the changes during the cycle are 
essentially the same. As accurately dated nonpathological material is scanty, 
the literature is not reviewed here. The tubo-uterine junction is not guarded 
by folds of mucosa (12). Air can be forced from the uterus into the tube 
at a pressure of about 100 mm. mercury, but, when the flow is established, 
the pressure falls to 40 mm. (9). The vaginal smear can be used with care 
for distinguishing the phases of the cycle, but the changes are not clear-cut. 
The percentage of cornified cells rises sharply at about the time of ovula- 
tion, and there is some Indication that it does so also just before menstruation 
in ovulatory cycles. Leucocytes are more abundant just after ovulation. 
The amount of desquamation is less in man than it is in the rhesus monkey 
(13,14). , i -: I 

The pH of the vaginal secretions varies from 4.0 to 5.0 depending upon 
the stage of the cycle. The highest degree of acidity is found in mid-cycle, 
at about the time of ovulation (15). The reaction in man is considerably 
more acid than that found in any other species, including the macaque, in 
which it is also somewhat unusually acid. 

Work on the motility of uterine muscle has yielded somewhat conflicting 
results, but what is known seems to be generally in line with the findings 
in other species. In general, contractions are rapid and regular during the 
follicular phase of the cycle, less rapid and more irregular, but stronger, in 
the lutein phase, with an increase in irritability just before and at menstrua- 
tion (9) . Recently, the results (7) which indicate that after ovulation, i.e., 
during the lutein phase, the myometrium loses its reactivity to pituitrin, 
have been challenged (9), 

Contraction? of the oviduct during the mid and late interval are rapid 
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and variable in height, while in the premenstrual and menstrual phases they 
are slower and more uniform in amplitude (i6). At mid-interval the epithe- 
lial cells are tall columnar, and, just before menstruation, they become cubical 
and irregular. There seems to be no cyclical variation in the number or 
height of the cilia (17) . 

Estrogens may be detected in the blood and urine during the cycle in 
varying amounts. A peak in excretion, about 1,000 I.U. in 24 hours, occurs 
at about the mid-interval, near ovulation time (18). Some workers have 
found a second peak a few days before the onset of menstruation. In preg- 
nancy the usual pattern of excretion is followed. It is low for the first 8 weeks, 
200 to 1,000 I.U. daily; and it rises steadily to term, when 15,000 to 40,000 
I.U. are excreted each day (19). Corresponding changes have been observed 
in the level of estrogens in the blood. 

Progesterone is excreted in the urine as pregnandiol, a compound which 
has only been found elsewhere in the urine of the chimpanzee. Naturally 
it is only found when a corpus luteum is present in the ovary. Its excretion 
begins about the mid-interval, reaches a peak in a few days, and disappears 
rather abruptly from i to 3 days before menstruation (20). It is also present 
during pregnancy, but it is not excreted in greater amounts than it is in 
the luteal phase of the cycle until the sixty-ninth day. It then rises steadily 
until delivery, when the amount excreted falls abruptly (21). 

Gonadotrophic hormones have been found in the blood and urine of the 
newborn, and they are believed to have originated in the mother and to 
have crossed the placenta. Their appearance is brief and inconstant and 
may be related to the “genital crisis,” or brief uterine hemorrhage, found 
in some newborn babies (9), They reappear in appreciable quantities at 
the menarche and have been observed to fluctuate with the cycle, the amount 
reaching a peak in the mid-interval, but the individual variation is great. 
It has been stated that F.S.H. activity is more apparent in preovulatory 
blood than it is later. During pregnancy the amount of gonadotrophic hor- 
mone in the urine, principally L.H. in type, rises rapidly from about the time 
of the first missed period to tlte sixtieth day. Then it gradually declines, but 
the amount is still appreciable at parturition (9). The human female differs 
from other species in this respect. Such gonadotrophins are found for a 
limited time in the urine of the pregnant chimpanzee, and, for a still more 
limited period, in that of the pregnant macaque. Other species which have 
been tested, except the giraffe, have given negative results. The hormone is 
believed to be of placental origin. A gonadotrophic substance, almost purely 
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F,S.H. in its activity^ is also found in the urine for a variable time after 
ovariectomy and after the menopause. Possibly its appearance is related to 
the increased F.SH. content of the anterior pituitary under these conditions. 

The anterior pituitary of the normal human is exceptionally high in F-S-H,, 
and low in L.H, The male pituitary has about half the activity of the female 
for both these hormones (22). Data on lactogenic activity appear to be 
wanting. 

The amount of estrogen needed to build the endometrium of the ovarh 
ectomized woman to the point at which bleeding follows cessation of the 
injections is 1.5 to 2.0 mg. of estradiol benzoate weekly (23), or 4^,200 I.U, 
daily. The amount of progesterone secreted by the corpus luteum may be 
estimated by the amount of pregnandiol excreted. If this is a reliable indica- 
tion, and methods of assay are not yet very accurate, the corpus luteum of 
the cycle secretes between 5 and 20 mg. daily (4). At the third month of 
pregnancy the amount is about to 10 to 20 mg. daily (23). It is not certain, 
however, that all of this substance is produced by the corpus luteum; the 
fact that pregnancy may be continued after ovariectomy as early as the second 
month is an indication of possible secretion by another organ, probably the 
placenta. 


THE MALE 


The normal ejaculate of the male is about 3 to 5 cc., containing 100,000,000 
to 150,000,000 spermatozoa per cc. (24). The pH varies from 6.9 to 7,36, 
with an average of 7.19. Prostate fluid ranges from 6.3 to 6.6, average 6.45, 
and that of the seminal vesicles averages 7.29 (25). Human semen is excep- 
tionally well buffered (26), which may explain why the spermatozoa are 
able to survive the exceptionally acid reaction of the vagina. It is liquid when 
it is ejaculated and rapidly coagulates, but liquefies in a few minutes. The 
prostatic fluid is rich in an enzyme, fibrinolysin, which liquefies fibrin 
(27,28). Prostatic fluid is high in Na, K, and Ca, and that of the seminal 
vesicles is high in acid-soluble phosphate (25). 

Androgen excretion in the urine averages 13.8 mg. daily, but the range 
is considerable, being from 8.1 to 22.6 mg. Excretion of these substances 
does not follow a cyclical pattern. The castrate excretes about half the 
amount of androgen excreted by the normal male, and, in normals, the 
amount decreases with advancing age (29). Normal females excrete about 
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the same quantities of androgens as do normal males; and the male excretes 
estrogens, but without cyclical variation (9). 

Spermatozoa take 19 to 23 days for their passage through the epididymis 
(30). Their length of life in the female tract is for a limited time only, but 
reports of maximum survival vary from 2 to 5 days. The vagina is the least 
healthy environment for them and the cervix the best (9). 

1. Dickinson, R. L, and H. H. Pierson. J. Am. Med. Assn., 85: 1113-1117, 1925. 

2. Mills, C. A. Human BioL, 9: 43 '- 5 ^j ^ 937 - 

3. Engle, E. T., and M. C. Shelesnyak. Human Biol., 6: 43 I"’ 453 j i 934 - 

4. Corner, G. W. The Hormones in Human Reproduction. Princeton, 1942. 
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CARNIVORA 


T he patterns of reproduction in Carnivora vary widely in the different 
families. The Ursidae appear to be monestrous, the young are born 
in a very immature state, and delayed implantation of the blastocysts is sus- 
pected. The Mustelidae have a restricted breeding season in which waves 
of follicles ripen. Induced ovulation is definitely the rule in two species, and 
it probably occurs in others. Some species have an excessively long gestation 
period, almost a year, and in these delayed implantation is the cause. The 
latent period may be shortened by exposure to greater amounts of daylight. 
Most Canidae are monestrous, and they have a prolonged pseudopregnancy 
in the absence of pregnancy. Extravasation of blood in the uterus seems to 
be the exception rather than the rule. It has been found definitely only in 
the genus Cams, The Felidae appear to be seasonally polyestrous in temper- 
ate regions and completely polyestrous in the tropics, though our knowledge 
of the smaller tropical species is inadequate for generalization. Probably 
induced ovulation is the rule in many species of this family. 


URSIDAE 

’Emrctos americanus Pallas 
BLACK BEAR 


The black bear of North America mates in June or early July. Implanta- 
tion is probably in November, and the young are born, very immature, late 
in January and early in February. The time of ovulation is not known; 
hence, instead of delayed implantation, this may be a case of delayed ovula- 
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tion (1). Puberty is reached at about 3 years of age, gestation from the time 
of coitus is about y months, and the number of young boin is i to but 
usually 2 to 3 (2). 

1. Hamlett, G. W. D. Quart. Rev. Biol, 10: 432-447 j i 935- 

2. Grinnell, J., J. S. Dixon, and J. M. Linsdale. Fur Bearing Mammals of California. 
Berkeley, 1937. 


Ursus arctos L. 

EUROPEAN BROWN BEAR 

The common brown bear of the Old World reaches puberty at 6 years and 
remains fertile until its thirtieth year. Mating is in April-Junc, and the period 
of gestation is about 7 months (i). The young are born from December to 
January, depending on the locality, and it is believed that delayed implanta- 
tion is the rule (2). In the Himalayas the mating season is said to be from 
the end of September to November, and the young, usually 2, or 1 with young 
females, are born in April or May (3). 

1. Popoff, N. Compr. Rend. Assn. Anat., 29: 471-484, 1934. 

2. Hamlett, G. W. D. Quart Rev. BioL, 10: 432-447, 1935. 

3. Blanford, W. T. The Fauna o£ British India, Including Ceylon and Burma. Mam- 
malia. London, 1888-91. 


Other URSIDAE 


SPECIES 

BREEDING 

SEASON 

SEASON 

OF 

BIRTH 

NO. 

OF 

YOUNG 

GESTATION HABITAT, 
PERIOD ETC. 

Mdursus urslnus 
Shaw 

Indian Sloth Bear 

June 

(Blanford) 

Oct.-Feb., 

usually 

Dec.-Jan. 

2 

7 mondis 

India 

Selenarctos ussuricus 
Heude 

Manchurian Black 
Bear 



2 


Born in hiberna- 

nation 

(Sowerby) 

Thalarctos maritimus 
Phipps 

Polar Bear 

Feb.-March 

Dec.-March 


8 iiionths 
in captiv- 
ity 

Probably delayed 

implantation 

(Hamlett) 


CARNIVORA 


135 


Other URSIDAE {Conthiued') 


BREEDING 

SPECIES SEASON 

SEASON 

OF 

BIRTEI 

NO. 

OF 

YOUNG 

GESTATION HABITAT, 
PERIOD ETC. 

Ursus horrihilis 

Ord 

Grizzly Bear 

June-Juiy 

Jan. 

usually 

2 

6-7 Ji. 
months 

N. America. 
Probably delayed 
implantation 
(Hamlett) 

U. \lainathe 7 isis 
Merriam 

Klamath Grizzly Bear 


Jan.-Mar. 

(N.A.F.55) 

2-4 


Oregon and 
California 

U, torquatm 

Wagner 

Himalayan Brown Bear 

Spring 

(Blanford) 

usually 

2 


Himalayas 

AILUROPODIDAE 

SPECIES 

BREEDING 

SEASON 


SEASON 

OF 

BIRTH 


HABITAT, 

ETC. 

Ailuropoda 

melanolcuca 

Miine-Edwards 

Giant Panda 

Early spring 
(Sheldon) 


Jan. 


China 


PROCYONIDAE 


Procyon lotor L. 

RACCOON 


The female raccoon breeds at i year of age, and the breeding season is 
from the first week in February to the first week in March, though there 
may be another heat later in the season (i). In New England mating begins 
in the last week of January and there may be a later season for young females, 
as some are born in August (2) . The female is receptive at i to 2 weeks after 
the onset of vulval swelling and she remains in heat for 3 days. The average 
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gestation period is 63 days. The testes reach their full size in the fall of the 
second year, and the male is capable of mating at any time (i). The female 
possesses an os clitoritidis (3). The litter size is 3.5 ± .15, with a range from 
I to 6, and a mode of 3 to 4 (4). If raccoons are exposed to an increased length 
of light in the fall, they will breed in December and may be induced to 
produce two litters a year (4). 

1. Stuewer, F. W. J. Wildlife Management, 7: 60-73, i943- 

2. Whitney, L. F. J. Mammalogy, 12: 29-38, 1931. 

3. Rinker, G. C. J. Mammalogy, 25: 91-92, 1944- 

4. Bissonnette, T. H., and A. G. Csech. Proc. Roy. Soc., London, 122B; 246-254, 1937. 


Other PROCYONIDAE 


SPECIES 

BREEDING 

SEASON 

SEASON 

OF 

BIRTH 

NO. 

GESTAllON 

PERIOD 

YOUNG 

HABITAT, 

ETC. 

Adurtts fulgens 


Spring 

2 S.I 

1 . Himilayas 

Cuvier 


(Blanford) 



Himalayan Kaccoon 






Nasm nasua L. 4-5 77 ditys S. America. Two rcc- 

Coati ords (Enders) 


Potos flams April 

Schreber 

Kinkajou 


I 

Cent, and S. Amer- 
ica. One record 

Pfocyon psora 

Gray 

Raccoon 


65 days 

Western U.S. 

BASSARISCIDAE 

SPECIES 

SEASON 

OF 

BIRIH 

NO. 

OF 

YOUNG 

HABITAT, 

ETC. 

Bassariscus astutus 

Lichtenstein 

Ring-tailed Cat 

May-June 

3~4 

Western N. America 
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MUSTELIDAE 
Lutra canadensis Schreber 
CANADA OTTER 


The North American otter reaches sexual maturity at the age o£ i year. 
Mating is in February (i), and the young are born in April in the north, 
but earlier toward the south of its range (2). There is one litter a year of 
I to 4, usually 3 to 4 (3), and the gestation period is about 2 months (i). 

1. Am. Fur Breeder, 14(6): 36, 1941. 

2. Bailey, V. North American Fauna, No. 55, 1936. 

3. Grinnell, J., J. S. Dixon, and J. M. Linsdale. Fur Bearing Mammals of California. 
Berkeley, 1937. 


Liitm Ultra L. 
EUROPEAN OTTER 


The European otter usually breeds once a year^ in winter, in the wild, but 
young have been born at all seasons. In captivity heat occurs at about 26-day 
intervals throughout the year. Gestation is 61 to 63 days (i). 

I. Cocks, A. H. Proc. Zool. Soc., London, 249-250, i88r. 


Martes americana Turton 
PINE MARTEN 


The pine marten of North America mates in late July and August (i). 
A single heat period may last 2 weeks (2), At heat the vulva swells and 
darkens; the swelling is maintained throughout the breeding season and 
does not regress after an early copulation (3) . The litter size is 3 to 5, and 
the length of gestation, according to some workers, is 220 to 230 days, the 
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young bemg born in March and April (4). Others have reported 245 to 265 
days (5) so there is apparently considerable variation. The long gestation 
is caused by delayed implantation of the embryos, and it may be shortened 
by 3 months if the martens are exposed to increased daily length of light 
throughout the fall (i). 

1. Pearson, O. P., and R. K. Enders, J. Exp. Zool., 95: 21-35, 1944- 

2. Cocks, A. H. Proc. Zool Soc., London, 836-837, 1900. 

3. Enders, R. K., and J. B. Leekley. Anat. Rec., 79: 1-5. 194 n 

4. Brassard, J. A., and R. Bernard. Canadian Field Nat., 53: 15-21, 1939. 

5. Salversen, S. Deutsche Pelztierzucht, 12: 371, 1937. 


Maries caurina Merriam 


This marten of western North America mates from July 10 to the begin- 
ning of September (i) and is nionestrous (2). Some mate at 15 months of 
age, but young are not produced until the female is 3 years old. Copulation 
is lengthy, lasting 15 to 90 minutes. The litter size varies from i to 4, with 
2.6 as the mean. In two cases the gestation period was 261 and 276 days (i). 
Birth occurs from April to June (3). 

1. Markley, M. H., and C. F. Bassett. Am. Midland Nat., 28: 604-616, 1942. 

2. Grinneli, J., J. S. Dixon, and J. M. Linsdale. Fur Bearing Mammals of California. 
Berkeley, 1937. 

3. Bailey, V. North American Fauna, No. 55, 1936. 


Mattes foina Erxleben 
STONE MARTEN, BEECH MARTEN 


In England the stone marten mates in July and August, and the gestation 
period is 8% to 9% months (1). In India mating is said to occur in February, 
and the gestation period is 9 weeks. The litter size is 4 to 5 (2). If the Indian 
record is correct, it would suggest that delayed implantation is the rule in the 
northern part of the range and not in the southern. In view of the fact that in- 
creased daylight in the fall shortens the gestation period in M. amerieana 
this would not be surprising. 
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1. Fairfoul, D. Brit. Fur Farmer, Jan,, 84-85, 1934. 

2. Blanford, W. T. The Fauna of Briush India, Including Ceylon and Burma, Mam- 
malia. London, 1888-91. 


Maries marles L, 
EUROPEAN PINE MARTEN 


The European pine marten is said to be seasonally polyestrous with mating 
in July. Heat lasts 3 to 4 days and recurs 3 to 4 times at intervals of 3 to 7 days. 
The duration of pregnancy is 270 to 285 days, and the litter size i to 4 (i). 

I. Schmidt, F. Zeit. f. Siiugederkunde, 9: 392-403, 1934. 


Maries pennanlt Erxleben 
FISHER 


The fisher, a native of North America, reaches puberty in both male and 
female at i year of age, but conception docs not occur until it is 2 years 
old (i). Mating is in April, and gestation lasts 51 weeks. The females mate 
again a week after whelping. The litter size is i to 5, with an average of 
3 (2). In 15 cases the range of gestation was 338 to 358 days, with a mean of 
352 days (3). 

1. Douglas, W. O. Aoi. Fur Breeder, 16: 18, 20, 1943. 

2. James, C. S. Am. Fur Breeder, 13(8): 14-15, 1941. 

3. Hall, E. R. Calif. Fish and Game, 28: 143-147, 1942. 


Maries zibelUna L. 
SIBERIAN SABLE 


The Siberian sable has a mating season from mid-June to the beginning- 
of August (i). Heat lasts 2 days, and, during the season, it recurs 3 to 4 times 
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at 9- to 12-day intervals. At the time of heat the vulva reddens. The testes 
swell enormously during the rutting season. Mating is lengthy, lasting on 
the average 50 minutes, with a range from 10 to 150 minutes. The duration 
of pregnancy is 270 to 285 days, and the litter size is i to 4 (2). Delayed im- 
plantation is the rule, with gestation varying from 249 to 299 days, usually 
270 to 275 days (i). Sexual maturity is reached at 2 years (3). 

1. Zitkov, B. M. Zool. Z. (Mosk.), 21: 245-250, 1942. 

2. Schmidt, F. Zeit. f. Saugetierkunde, 9: 392-405, 1934. 

3. Ponomarev, A. L. Zoo!. Z. (Mosk.), 17; 482-504, 1938. 


Meles meles L. 
EUROPEAN BADGER 


The European badger breeds late in July and early in August. Implanta- 
tion does not occur until January, and in the interval the blastocyst lies free 
in the uterus. Birth is in March (1,2). 

1. Fischer, E. Verh. d. Anat. Ges., Anat. .Anz., 71: 22-34, 03 ^- 

2. Fries, S. Zool. Anz., 3: 486-493, 1880. 


Mephitis mephitis Sclireber 
SKUNK 


The common skunk of eastern North America mates mostly in the first 
two weeks of March. The young are born about the second week of May. 
Proestrum lasts for 4 days, but the vulva is not swollen at this time. Heat 
also lasts 4 days, and the vulva is swollen. Gestation lasts 62 days from the 
first mating (i). The number of young is 4 to 7 (2). 

1. Wight, H. M. J. Mammalogy, 12: 42-47, 1931. 

2. Hamilton, W. J., Jr. The Mammals of Eastern North America. Ithaca, 1943. 
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Miistela erminea L. 

stoat; ermine 


The European stoat or ermine comes in heat during the season after its 
birthj i.e.j at i year of age. The periods begin in May or June, and ovulation 
is spontaneous. They continue at intervals of not less than a month, but 
young stoats do not become pregnant until the following year. Pregnant 
females are found only in March and April. They come in heat and ovulate 
but do not become pregnant during lactation. Further ovulations and in- 
fertile cycles continue later in the year. At these times 8 to 10 follicles rupture, 
but the corpora liitea of these infertile cycles are much smaller than are those 
of pregnancy. The vulva swells during heat, but it does not become as 
conspicuous as that of the ferret, and the vaginal epithelium corniiies. The 
average number of embryos is 9, with a range of 6 to 13. The male is sexually 
mature at i year. There is a rapid enlargement of the testes to 13 times their 
former weight from February to March, but retrogression sets in from July 
onward, and no spermatozoa can be found by October (i). 

Birth is in April and an observed pregnancy lasted 10 months, consequently 
delayed implantation is probable (2), 

The American subspecies, M. e. cicognanii Bonaparte, comes in heat in 
the early summer (3) and the young are born between mid-April and early 
May. The testes begin their growth in February or March (4). 

1. Deansley, R. Trans. Roy. Soc., London, 225B: 459-492, 1935. 

2. Grigorjev, N, D. Zool. Z. (Mosk.), 17: 811-814, 1938. 

3. Hamilton, W. J., Jr. The Mammals of Eastern United States. Ithaca, 1943. 

4. Wright, P. L. J. Exp, ZooL, 91: 103-110, 1942. 


Mustela furo L. 

FERRET 


The ferret has a limited breeding season, from March or April until 
August, and can have 2 or 3 litters during the year (i). Ferrets U’anspoited 
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from England to the Southern Hemisphere bred in October, immediately 
upon their arrival in Pretoria. In Kenya, almost on the Equator, they ex- 
perienced heat at the normal time for Great Britain. Afterwards some came 
in heat twice in the year, others at any time (2) . Much work has been done 
upon the effects of varying the length and intensity of light in this species, 
and it is summarized later in the section on physiology. In the absence of the 
male the female may remain in heat for a long time, e.g., from April to 
August. 

Ovulation is induced by coitus, and it occurs about 30 hours afterwards (3) . 
Pseudopregnancy lasts for 5% to 6 weeks. It is followed by a new heat if it 
terminates early enough in the season. There is no heat during lactation, 
but, if the young are removed, heat ensues 7 to ro days later (4,5) . Proestrum 
is somewhat slow in developing at the beginning of the season. It is char- 
acterized by a marked swelling of the vulva, which takes about 2 to 3 weeks 
to reach its full development. This development is maintained throughout 
heat, and the vulva at this time is about 50 times the anestrous size. It declines 
gradually after coitus (4). 

The average duration of coitus is about 2 hours (range % to 3 hours) . 
For 36 hours afterwards the vulva remains turgid but it becomes flaccid by 
about 60 hours. The ovum remains capable of fertilization for not more 
than 30 hours; from 18 to 30 hours after ovulation only a small proportion 
are capable of being fertilized, and small litters are produced from matings 
made at this time (3). 

The mean litter size is 8.5 i .3, with a range from 5 to 13, and the duration 
of gestation is 42 days from mating with practically no variation (4). 


HISTOLOGY OF THE FEMALE TRACT 

OVARY. During anestrum the ovary contains only small follicles, but 
during proestrum these grow at a rate corresponding to that of the vulva. 
The maximum size of the ripe follicle is about 1.4 mm. The fully formed 
corpus luteum measures about 2 mm., and during pregnancy or pseudo- 
pregnancy the ovaries consist almost entirely of luteal tissue. The corpora 
lutea persist throughout pregnancy and degenerate rapidly at its end. There 
is no corpus luteum of lactation. The ovary contains much interstitial tissue, 
but it is not so abundant as it is in the rabbit (4). 

VAGINA. The vaginal epidrelium just after the end of the breeding sea- 
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son consists of 2 to 3 layers of low columnar epithelial cells. Just before the 
beginning of the season the epithelium grows and cornifies to some extent, 
while the connective tissue is compact. In proestrum several squamous layers 
of epithelium develop with some cornification. This is at the time that the 
vulval swelling begins. In heat the epithelium is thicker, and there is much 
cornification. The connective tissue is very spongy, and it has many elastic 
fibers embedded in it. In pseudopregnancy the epithelium is stratified high 
columnar. Few cornified cells remain, and the surface is rough. The con- 
nective tissue remains spongy. At the end of pseudopregnancy the ap- 
pearance is similar except that many lymphocytes are present (6). When 
cornification sets in, it begins in the upper part of the vagina and progresses 
toward the vulva. Growth is most active during early heat, and there is no 
sudden appearance of leucocytes at its end (7) . There is no true cornified 
stage in the vaginal smear (5). 

UTERUS. In anestrum the endometrium is thin, with compact, un- 
developed glands, while the epithelium is low cubical In proestrum cell 
divisions are abundant. Congestion is marked, and there may be some ex- 
travasation of blood, which passes through lacunae in the epithelial layer 
into the lumen. There is some suggestion, however, that this occurs only in 
the heat period soon after parturition. During heat the glands have large 
lumens and are secreting. The glandular cells are large, and those of the 
epithelium are tall columnar. The mucosal layer is somewhat folded. In 
pseudopregnancy there is a great development of the glands with the re- 
sult that the endometrium becomes lacelike, resembling the condition in 
the rabbit. At the height of this condition giant cells tend to form in the 
crypts of the glands. Degeneration, indicated by the sloughing off of cells 
and accumulation of debris, begins at about 5% weeks of pseudopreg- 
nancy (1,4). 


PHYSIOLOGY OF THE FEMALE TRACT 

If ferrets receive illumination during the evenings beginning October 12, 
most females come in heat in December, 3 months earlier than usual, and 
they may become pregnant (8). This response is limited to a band in the 
spectrum extending from red A 6,500 to A 3,650 in the near ultraviolet. Within 
this range intensity is more important than the wave length. Females sub- 
jected to incomplete darkness did not come in heat at the proper time unless 
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proestrum had already begun, in which case the usual changes followed (9). 
The degree of. acceleration is related to the intensity of light (10), and it is 
not produced if the optic nerves are cut (ii). However, intensity or duration 
of light is not wholly the explanation of emergence from anestriim, since 
females kept in darkness for 23I4 hours each day from the end of January 
mostly underwent the usual vulval development but took longer than 
usual (12), 

Ovulation may be induced in the unmated estrous ferret by the injection 
of a gonadotrophic preparation. The close needed is about the same as that 
required to induce ovulation in the rabbit; hence, weight for weight, the 
ferret requires more than the rabbit (13) . The considerable length of copula- 
tion in the normal course of events raises the question how soon sufficient 
stimulus has been given to cause the release of an adequate quantity of 
gonadotrophe from the pituitary. If coitus is interrupted after 15 to 20 min- 
utes ovulation follows in 90 per cent of cases, and it has been found that sexual 
excitement, i.e., the presence of the male with the female in heat, without 
coitus, occasionally produces ovulation. If hypophyscctomy is performed I'K 
hours after the start of coitus, which lasted 1 % hours in these cases, ovula- 
tion is not usually interrupted, but if it is done within an Iiour of the start, 
following an interrupted coitus, ovulation does not occur. Sufficient gonado- 
trophe has not been released, therefore, within an hour of the beginning of 
copulation (14,15) » Hypophyscctomy during anestrain causes but little 
further atrophy of the genitalia. The onset of new heat periods at the usual 
time is prevented by the operation, and increased light is without effect. 
Estrogens produce the usual effects upon the uterus and the vulva. The 
latter requires more than the uterus, which is also the case in normal anestroiis 
ferrets (16,17). 

The injection of P.M.S. during anestrum causes the rapid development 
of quiescent follicles. With moderate doses the response is almost purely 
follicle-stimulating without ovulation or corpus lutcum development. With 
larger amounts thecal luteinization follows the injections (18). 

Hysterectomy does not cause prolongation of the life of the corpora lutea, 
and it has no effect upon other reproductive phenomena (19). 

The injection of estrogens causes the pubic symphysis to open (20). 

If females become pregnant or pseudopregnant at the end of the usual 
breeding season, these conditions are maintained and last the normal length 
of time, despite the fact that normally the female would be in anestrum (21). 
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THE MALE 

In October the testis and epididymis are at their lowest level In November 
and December their weights begin to rise to a peak, which is reached early 
in March. Their weights fall again rapidly in August. The weight of the 
penis follows a similar curves but the individual variability is greater. There 
is no spermatogenesis in October^ when the tubules are small, and only 
Sertoli cells and spermatogonia are present. Renewed activity begins in 
November; spermatocytes are found in December, spermatids in January, 
and spermatozoa at the beginning of February. Interstitial cells are largest 
in February and smallest in November (22). After hypophysectomy the 
testes retrogress to the anestrous level within about a month (23). 

Immature ferrets kept on a “short day” light regime reach puberty later 
than usual; a “long day” accelerates its onset, but this is followed by an 
early regression (24), even though the increased amount of light be con- 
tinued. The interstitial tissue of the testis is more sensitive than the spennato- 
genic; it is earlier to respond and later to regress (25). 
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Mustela fiipalis L. 
EUROPEAN WEASEL 


In the male weasel there are no vesiculae seminales and no obvious 
prostate. The testes descend to the scrotum at an early age and remain there 
throughout life. The male is sexually mature when 4 months old^ i.e., in 
August, as birth is in April By December the testes are quiescent in young 
weasels, but adults have no spermatozoa by the end of October, though 
spermatocytes are present at all times. The interstitial cells increase to twice 
their former diameter during the breeding season, and the accessory organs 
change in harmony with them (i). Since the reported periods of gestation 
are most variable, delayed implantation may be suspected. 

I. Hill, M. Proc. Zool Soc., London, 109B: 481-512, 1939. 


Mustela putorius L. 
STOAT 


The common European stoat has one litter a year, in March or April, 
followed by mating and ovulation. Implantation is delayed, and pregnancy 
lasts 9 to 10 months (i). 

I. Deansley, R. Nature, 151: 365-366, 1943. 
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Plate IX. Ovarian changes, Microtus pennsylvanktis. Top: 
Proestrum, large follicle vtdth ovum. H and E. xioo. Center: 
Diestrum, ovary nearly filled with corpora lutea. H and E. 
xio. Bottom: Diestrum, lutein cells. H and E. xioo. 
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Musteh vison Schreber 
MINK 

The North American mink is apparently polyestrous in the sense that 
several waves of follicles ripen in the absence of ovulation. The breeding 
season begins in March and 3 heat periods of about 2 days each occur at 
intervals of 8 to 9 days (i). Heat is said to be 10 days earlier in the season 
in the eastern than it is in the Yukon strain (2), Ovulation is induced by 
coitus, and it occurs 42 to 50 hours afterwards. If no ova are ripe at this time, 
later ovulations are inhibited (3). The duration of coitus is 30 to 40 minutes. 
If pregnancy does not result, the female become pseudopregnant ( 2 ) , The 
diameter of the ovum is 107 (4) . The length of gestation is from 39 to 76 

days, with a mean of 50.95. The later in March the mating is made, the shorter 
is the pregnancy (5) ; this suggests a slight delay in implantation following 
earlier matings. Another average was 53 days (i), and a range of 45 to 60 
days had been reported (2). Embryonic attachment is said to last less than 
31 days, and the variability of the length of gestation, together with the fact 
that it is shortened by 3 days if the mink are exposed to longer hours of light, 
strongly suggests delayed implantation (6). The litter size ranges from 4 
to 10 (2). 

1. Fritz, B. Deutsche Pelzderzucht, 12: i28-r29, 1937. 

2. Am. Fur Breeder, 14(4): 6-14, 1941, 

3. Enders, R. K. Am. Fur Breeder, 13(11): 6-7, 1941. 

4. Enders, R, K. Anat Rec., 72: 469-471, 1938. 

5. Bowness, E. R. Canadian Silver Fox and Fur, 8: 12-15, 1942. 

6. Pearson, O. P., and R, K. Enders. J. Exp. Zool, 95: 21-35, 1944. 


Taxidea taxus Schreber 
AMERICAN BADGER 

The American badger mates late in summer, from August to September; 
implantation does not occur until about February 15, and the young are 
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born about April i (i). In the west birth usually occurs in February at sea 
level, but not until April or May in the mountains. The litter size is i to 
4 or 5 (2). 

1. Hamlett, G. W. D. Anat. Rec, 53: 283-303, 1932. 

2. Grinnell, J., J. S. Dixon, and J. M. Linsdale. Fur Bearing Mammals of California. 
Berkeley, 1937. 


Other MUSTELIDAE 


SPECIES 

BREEDING 

SEASON 

SEASON 

OF 

BIRTH 

NO. 

OF 

YOUNG 

GESTATION HABITAT, 
PERIOD ETC. 

Aonyx capensis 
Schinz 

Cape Clawless Otter 



2-5, About 
usually 63 days 
2-3 

Africa 

Conepatiis 7 napnrho 
Gmelin 

Chilean Skunk 




42 

days 


Eira barbara L. 



3-4 


S. America 

Enhydra lutris L. 
Sea Otter 

No fixed season, 
but most frequently 
late spring (Barabash- 
Nikifarov) 

I 

240- 

270 

days 

N, Pacific. Mates in 

water 

Gulo lusms L. 
Wolverine 

March- 

Apr. 

(Wallace) 

April- 

June 

usually 

^“■3 

60 

days 

Canada 

Ictonyx striatus 
Perry 

Striped Polecat 


Jaii.- 
March 
in Giza Zoo 
(Flower) 



Africa 

Mdlivora capensis 
Schreber 

Honey Badger, 
llatel 



2 

About 6 
months 

Africa 

Mephitis htidsonica 
Richardson 
Northern Plains 
Skunk 

Early March 
(Seton) 

End April 
to early 

May 

4-7 


Western N. Amer- 
ica 

M. macTQura 
Lichtenstein 



5 


Southwestern N. 
America 
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Other MUSTELIDAE (Continued) 


SPECIES 

BREEDING 

SEASON 

SEASON 

OF 

BIRTH 

NO. 

OF 

YOUNG 

GESTATION HABITAT, 
PERIOD ETC. 

M. mesomelas 
Lichtenstein 

Apr.-May 

(Cuyier). 

One litter 
a year 

(N.A.F. 55) 


4-5 


Central and south- 
ern N. America 

M. occidentalis 
Baird 

Western Skunk 


Mav-June 

(n:a.F. 55) 



Western N. Amer- 
ica 

Mustda alpinus 
Geblcr 

Pale Weasel 

Feb. 

(Blanford) 

May 

1-5 


Asia 

M. eversmanni 
Lesson 

Steppe Polecat 




36-37 

days 

Europe 

M. jrenata 
Lichtenstein 

Large Brown 
Weasel 

July 

(Hamilton). 
Testes enlarge 
Feb.-Mar. 
(Wright) 

Mid-April 

4-8 


Southwestern N. 
America. Delayed 
implantation 21-28 
days before birth 
(Wright) 

M. larvatus 
Hodgson 

Tibetan Polecat 


April 

(Blanford) 

5-7 

9 

weeks 

Flimalayas 

M. nopeboracensis 
Emmons 

New York Weasel 

Testes en- 
large late 
March-Apr, 
(Hamilton) 



About 
70 days 

Eastern U.S. 

M. rixosa 

Bangs 

Least Weasel 


Oct., Jan., 
Feb. 

(Hamilton) 

3-6 


Northern N. Amer- 
ica 

M. sarmatictis 
Pallas 

Mottled Polecat 


March- 

April 

(Blanford) 

3-4 


Eastern Europe, 
western Asia 

Poecilogale 
albinucha Gray 
African Striped 
Weasel 



2 


Cent, and S. Africa 
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Other MUSTELIDAE {Continued) 


SPECIES 

BREEDING 

SEASON 

SEASON 

OF 

BIRTH 

NO. 

OF 

YOUNG 

GESTATION HABITAT, 
PERIOD ETC. 

Spilogale gracilis 
Merriam 

Spotted Skunk 



4-5 

Western and south- 
western N. America 

S. indianola 
Merriam 

Gulf Spotted Skunk 

Late 

winter 

(Hamilton) 

Early 

spring 

4-5 

Gulf of Mexico 


CANIDAE 
Canis familians L. 
DOG 


The domestic dog is monestrous and usually has two heat periods in a year, 
in late winter or early spring and in the fall. Proestrum lasts for about 7 
to 9 days and is characterized by a swelling of the vulva and a discharge of 
blood derived from the uterus. Estrus lasts about the same time, and about 
I day after its commencement the ova are shed. These are almost unique 
in that the first polar body is not shed, and fertilization is apparently not 
possible, until some time after they have left the graafian follicles. If the 
bitch does not become pregnant, the corpora usually persist for about 2 
months, during which time a condition of pseudopregnancy exists. This 
period is followed by anestrum lasting about 2 months. 


THE ESTROUS CYCLE 

The bitch is usually said to have two heat periods a year, one in the early 
spring and one in the fall. Curves of births according to seasons made from 
data in kennel club records do not show this fact. The curves are almost 
unimodal, with peaks denoting conception very early in the spring. The 
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true nature of the breeding season is obscured in these records by the breeders’ 
habit of mating their dogs usually in spring and by the method of estimating 
dogs’ ages, which makes it advantageous for show and racing purposes to 
have them born early in the year. However, a series of American records for 
several breeds shows a slight bimodality, with most conceptions in February 
and April (i), and similar records for greyhounds in England have similar 
peaks in January and March (2). It is not clear whether these are natural 
phenomena or the result of breeding customs. Puberty is reached at 6 to 8 
months (3). 

The onset of heat in the dog is gradual and is preceded by a long proestrum, 
which is marked by considerable swelling of the vulva and bleeding from the 
uterus. The length of proestrum varies somewhat widely. One series gives 
for greyhounds 7 to 22 days, as judged by erythrocytes in the vaginal smear 
(4) ; another, from the first appearance of a sanguineous discharge to first 
acceptance, gave 4 to 13 days with a mean of 9 ±: .5 days (5) . Heat in the 
greyhound lasts 7 to 9 days (4), and for a limited series of dogs of various 
breeds 4 to 13 days; mean, 9 dr .5 days (5). There is often an overlapping of 
the external signs of the two periods. During the proestrum the male and 
female are interested in each other, but coitus is not usually allowed until 
the last day or two of bleeding. Ovulation is usually i to 3 days after first 
acceptance by the male (4,5) . The dog and fox differ from other mammals 
so far investigated in that the first polar body is not extruded from the ovum 
for some days after it has been shed. Accordingly the ova are apparently 
not ready for fertilization for some days after ovulation (6), which is spon- 
taneous (7). 

There is some uncertainty concerning the length of time during which 
the eggs may be fertilized after they have been shed. It is certain that they 
may survive for 4 days, and probably for twice tiiis time. They travel quickly 
to the middle of the oviduct, taking a day or less, then they remain in this 
part, or in the portion nearest the uterus, for several days (5). 

After ovulation corpora lutea are formed, which persist, in the absence of 
pregnancy, in a functional condition for at least 30 days. Then they gradually 
degenerate, but they may be detected in the ovaries at the time of the next 
heat. This persistence is accompanied by proliferative changes in the uterus 
and mammary glands, and the decline is marked, in many cases, by lacta- 
tion and the formation of a nest, a usual reaction at the end of a true preg- 
nancy (5,8). The duration of this pseudopregnancy is somewhat variable 
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and is usually given as about 2 months. Probably it is too gradual to set any 
definite limit. 

There appears to be practically no precise information on the litter size 
of the dog and of its variation with the breed. For the German sheep dog 
the mean litter size is 7.15 zt. .02, with a range from i to 17* The sex ratio 
in this series, which is drawn from stud books, was 52.75 dz .12 per cent 
males. It tends to decrease with litter size. The material is peculiar in that 
there are too many combinations, exclusively or predominantly, of one sex 
(9). This may indicate that uniovular twins are frequent. In another study 
of the German sheep dog, in which the mean litter size and its range were 
the same as in the work just quoted, 83 per cent of the litters were between 
4 and 10. Stillbirths were 2.29 per cent of the total, and their sex ratio was 
62.25 which suggests that the sex ratio may be higher early 

in gestation than at birth, a condition which holds also in man and the pig. 
In the same paper the sex ratio for the schnauzer is given as 50.5 per cent, 
and for the French bull, 50.4 per cent, but for bull terriers the ratio has been 
recorded as 55.9 per cent (ii). 

The gestation period is usually given as between 58 and 63 days (7,3). 

HISTOLOGY OF THE FEMALE TRACT 

OF^i 2 Y. At the beginning of the proestrum large numbers of small- 
and medium-sized graafian follicles can be found in the cortical zone of 
the ovary, but most of these already show degenerative changes, and very 
few are destined to rupture. Those follicles which continue to grow have 
folds of granulosa cells with vascularized cores of theca interna, which 
are more complex than those found in any other mammal that has been 
investigated. As the bitch enters heat, these folds become more complex, 
but the theca interna cells show less than the usual amount of hypertrophy. 
Ovulation usually occurs on the first day of heat or acceptance, when the 
follicles are about 6 mm. in diameter, and there is little growth during 
proestrum. All rupture within a short time. At first the granulosa lutein 
cells are arranged in irregular columns resembling an open lacework. By 
the eighth day the appearance is more compact, although large cavities are 
still present, and the corpora lutea do not become completely solid until 
they are about 18 days old. The condition of the uterus indicates that they 
remain functional for 30 days after heat has ended, but histologically the 
cells remain in good condition for some time longer. When the decline 
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sets in, it is so gradual a process that one cannot give a time for their effective 
life on histological grounds alone (5,12). 

The average size of the ova after they have been shed is 77 X 90 /x ex- 
cluding, and 95 X no /A including, the zona pellucida. 

VAGINA. One feature of proestrum is the marked edematous swelling 
of the vulva, which increases throughout this period and remains during 
heat, after which the decline is somewhat gradual The vestibule is coated 
with low stratified epithelium, which increases a little in height during 
proestrum, but never to any great extent. The vagina proper exhibits well- 
marked changes during the cycle. During anestrum the epithelium is co- 
lumnar in type, 2 to 3 layers thick. By the beginning of proestrum it has 
become flat stratified, 6 to 8 layers thick. It continues to grow, so that by first 
acceptance it is 12 to 20 cells thick, and the superficial layers have become 
cornified. Cells are being lost from the superficial layer throughout, but 
marked desquamation does not set in until the third or fourth day of heat, 
when reduction is rapid. At this time there is also some infiltration of leuco- 
cytes. Repair sets in soon after heat is over, and by the tenth day postestrum 
the epithelium is of the anestrous high columnar type. 

The vaginal smears are clear-cut, with red blood cells and epithelial cells 
in early proestrum. The latter type gives way entirely to large cornified cells 
and, after bleeding ceases, these are the only cells present. Toward the end 
of heat a few leucocytes are found, but they do not become abundant until 
2 to 3 days after heat has ceased. The anestrous smear consists of epithelial 
cells with a few leucocytes (5). 

UTERUS. During anestrum the endometrium is low and compact, but 
the glands are poorly developed. The lumen of the uterus is H-shaped in 
cross section. In proestrum the endometrium becomes very edematous, the 
lumen flattens out, and hyperemia is very apparent. Focal bleeding occurs, 
but, as the epithelium does not rupture, the erythrocytes escape into the 
lumen by diapedesis. Mitoses are abundant throughout, but the glands re- 
main simple. During heat the edema persists, but bleeding ceases and hy- 
peremia is not so apparent. The glands are increasing in complexity and 
show some secretory activity. Leucocytes are abundant at this time. During 
pseudopregnancy the endometrium is in two well-defined zones, a superfi- 
cial “compacta” and a deep “spongiosa” with numerous branched glands. 
The zona compacta develops villous processes which obstruct the uterine 
cavity. Retrogressive changes set in at the twentieth day after heat has ceased, 
and they become marked by the thirtieth day; but the process of involution 
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is gradual, and the anestrous condition is not reached until 85 days (3,5,8,13) . 
It is said that the end of pseudopregnancy is marked by a further extravasa- 
tion of blood (8), but this has not always been found (5). 

Much dark pigment is present in the superficial layers of the uterus in 
anestrum and proestrum (7), and during the latter period many pigment- 
laden macrophages are found (12). 

During proestrum the epithelium of the oviduct is tall columnar and it is 
secreting. There are variable numbers of cilia. During heat the picture is 
the same. After heat is over, secretion ceases; the cells are not granulated 
but are vacuolar. Cilia are much less apparent. In anestrum the cells are low, 
nonciliated, and they contain some granules (3,13). 

True basophil cells are not present in the anterior pituitary, but two types 
that seem to be essentially basophilic have been described. A large granulated 
type increases during proestrum, and these cells become heavily granulated. 
They degranulate before ovulation and are present in small numbers during 
the lutein phase of the cycle. Eosinophils are also degranulated during this 
phase. All granular types increase gradually during anestrum. There are no 
specialized pregnancy cells (14) . 

PHYSIOLOGY OF THE FEMALE TRACT 

The pH of the fluids secreted into a closed uterine segment of a bitch 
brought into heat with stilbestrol was 6.09 with a range from 5.19 to 6.26 

(15) - 

The uterine muscle responds to epinephrin by contraction if the bitch is 
pregnant, i.e., if a corpus luteum is present, and by relaxation at other times 

(16) . This is a peculiarity shared by the cat and the cow. 

Estrogens can be detected in the urine during pregnancy after 15 to 18 
days, but the level is not high at any time (17) . Twenty I.U. daily of estrogen 
is without effect in the immature bitch, but 200 I.U. produces cornification 
in the vagina. The same daily dose in the mature spayed female produces 
the usual changes of heat and of proestrum (18). Brief microscopical bleed- 
ing follows ovariectomy in metestrum, after an interval of 7 to 16 days, and 
the injection of 1,100 R.U. or more of estrogens into spayed females produces 
macroscopic bleeding from an endometrium resembling that of proestrum 
(19). This reaction occurs in the absence of the pituitary and is therefore 
probably a direct one upon the uterus (20). 

Since cornification of the vagina has been produced by the injection of 
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estrogens during anestrum without vulval swelling or proestrous bleeding, 
it probably has a much lower threshold dose than these other changes (21) , 
Glandular growth in the uterus may be induced by the injection o£ 3 to 
5 Rab.U. daily of progesterone for 5 to 6 days (18). Ovariectomy during 
pregnancy is followed by reabsorption of the embryos or by abortion. How- 
ever, none of the operations were performed during the second half of the 
period (7), Hypophysectomy at 5 to 7 weeks produces the same effect (22). 

The injection of 100 M.U. of gonadotrophic hormone during anestrum 
produces heat and ovulation (23). 


THE MALE 

The amount of semen ejaculated is said to be about 20 cc. (i), which, 
inasmuch as the dog has no vesiculae seminales, is a considerable amount. 
Doubtless there are large breed differences. The urethral glands produce less 
than 2 per cent of the amount yielded by the prostate. After castration se- 
cretion by the prostate ceases in 7 to 23 days (24) . The pH of the semen varies 
from 6.7 to 7.1 (25) . By the uterine fistula method it has been found that 
spermatozoa are at the uterine entrance to the oviducts 25 seconds after 
ejaculation (26). Copulation is a somewhat prolonged process and sper- 
matozoa have been found throughout the oviduct 20 minutes after it be- 
gan (i). They are able to live in the female tract for 48 ±: 12 hours (4). 

The injection of 50 LU. of androgen daily in i-month-old puppies caused 
growth in the accessory organs, mostly in the prostate and vas deferens (27). 

The ejaculate of the dog does not coagulate, and it has been found to con- 
tain a fibrinogenase which destroys the clotting power of blood plasma (28) . 
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Cants latrans Say 
NORTHERN COYOTE 


The common coyote of North America experiences one breeding season 
a year (i), and the age of puberty is usually 2 years. In one case bleeding 
from the vagina was first noted December ii; it became more rapid and 
brighter on January 19, but attempts by the male to mount were rejected. 
On February 6 the vulva began to swell; it reached its maximum develop- 
ment by the eighth. The female allowed coitus for the first time on February 
34, and on February 27. This suggests a long proestrum and a heat period 
lasting about 4 days (2). Normally the female sexual season begins in Febru- 
ary and ends in April. The testes begin to show activity in November. In 
January spermatozoa are present and the epididymis is enlarging. The testes 
gradually recede from March onward, and by the end of May there are 
no spermatozoa. The time of minimal activity is reached in November (i). 

The average number of embryos is 6.23 (1,330 cases), and the average num- 
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ber of den young is 5.70 (1,582 cases) (i). The period of gestation is 60 to 65 
days (1,2). Another series of embryo counts gave a mean of 6.66 ±: ( 3 )- 

1. Hamlett, G. W. D. U.S.D.A., Tech. Bui. 616, 1938. 

2. Whiteman, E. E. J. Mammalogy, 21: 435-438, 1940. 

3. Bailey, V, North American Fauna, No. 55, 1936. 


Nyctereutes procyonides Gray 
DOG RACCOON 


The mating season of the Asiatic dog raccoon begins in February (i), 
and the duration of heat is 6 to 8 days. It is shown externally by swelling 
of the vulva and of the nipples (2). The gestation period is 61 to 63 days, 
and the litter size varies from 5 to 12, with 7 to 8 as the modal number (i). 

1, Schmidt, F. Deutsche Peiztierzuchl, 12: 235-237, 1937. 

2. Belter, M. Deutsche Pelztierzucht, 14: 85-86, 1939. 


Vulpes jiilpa Desmarest 
RED FOX, SILVER FOX 


The specific name, Vulpes fulva, is taken to include most domesticated 
foxes, and it probably should include several wild varieties, such as F. regalis 
Merriam and F. macrotira Baird, which have sometimes been described as 
subspecies. 

The fox is monestrous, with one season a year, from December to March 
with most matings in late January and February, though the blue fox is said 
to be somewhat later than the silver fox, i.e., from February to March (i). 
Foxes breed in the first year following their birth (2). Proestrum and estrus 
lasts 12 to 14 days, and during this time there is some swelling and whiteness 
of the vulva. Sexual receptivity lasts for 2 to 4 days (3). Fifty-three per cent 
of matings occur between 5 a.m. and 10 a.m., and 20 per cent from 10 a.m. 
to I PJM. (4). Ovulation is spontaneous, and it occurs most frequently on 
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day I or early on day 2 of sexual receptivity. The effects of mating on specific 
days upon the chance of pregnancy and upon litter size are given (5) : 



Percentage of 

Average 


pregnancies 

litter size 

Mating on day i 

54 

1.77 

Mating on day 2 

96 

3-98 

Mating on day 3 

86 

3-79 


It has also been stated that mating on the first day of vaginal cornification 
produces significantly larger litters than matings either before or after this 
day (6). 

There is no bleeding during proestrum, which is, therefore, not well de- 
fined. If pregnancy does not result from mating, or if the female is not 
mated, she becomes pseudopregnant, denoting a fairly long life for the 
corpus lutcum (2,7). 

The mean litter size is 4.52 ± .03, with a distribution of i to 8, mode 
4 to 5, and standard deviation, 1.35 (2). On German fox farms the average 
was 3.94 ± 1 .03 (8). The litter size rises steadily to 5 to 7 years of age, from 
an initial level of 4.34 to 4.84, and litters born early in the season tend to be 
larger than those born later (2). The sex ratio taken during the first week 
or so after birth was 53.93 ± 1.00 per cent males (2), The length of gestation 
is from 49 to 55 days, with a pronounced mode at 52 days in all the data. 
Means are 51.99 dc 0.036 (2), 52.74 (6), 53.07 (9), and 52.12 ±: .006 (4). 
There is a slight tendency for small litters to have a longer gestation (2) . 

HISTOLOGY AND PHYSIOLOGY OF THE FEMALE TRACT 

The fox resembles the dog in that the first polar body is not extruded from 
the egg until after ovulation. Accordingly, fertilization does not occur until 
at least one day after ovulation (10). At 2 to 3 days before acceptance of 
the male the largest follicles are 4 nim. in diameter. The granulosa is thin 
and is folded in the manner found in the ripe follicle of the dog. At first 
acceptance the follicle measures 7 mm. in diameter. The ovum measures 
104 X 76 /»■ Fertilization takes place in the middle section of the oviduct (ii) . 

The vaginal smear always contains some epithelial cells, and there is a 
gradual increase in cornified cells during proestrum, with a maximum at day 
I of heat. On that day leucocytes are absent; then they appear and gradually 
increase in numbers (12),. 
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The pH o£ the vaginal secretions in early procstrum is 6,3, and during 
heat it is 7.9 (3), an unusual reversal 
Vixens may be brought in heat in September and October by the injection 
of 250 to 340 M.U. of prolan (pregnancy urine extract), judging by the vulval 
swelling and vaginal smears (13). However, heat is only induced by this 
means late in anestrum when the follicles are in the antrum stage. Ovulation 
is rarely induced (14). Other results have not been promising as it is said 
that single doses of gonadotrophe will not induce heat and that repeated doses 
are harmful to the ovaries (15). 

THE MALE 

The testes retrogress and spermatogenesis ceases during the anestrous 
period. Spermatogenesis begins in November, and the male is fertile 8 to 
10 weeks before the breeding season begins. In their first season, in England, 
spermatogenesis in young foxes is complete by the end of November (16,17). 
The left testis is the longer and heavier, and the right is broader and thicker. 
The sperm head measures 8 X 5 ^5 and the entire length is 60 jtt (17), Ac- 
cording to one report, in the United States spermatozoa can be found at all 
seasons, but outside the breeding season most tubules are inactive (iS). Dur- 
ing January there is a marked development of the prostate gland, which in- 
creases from 0.5 cc. to 5 to 6 cc. in volume. In young males the development 
of the testes and accessories lags 2 weeks behind that in mature males. 

In mature males the average ejaculation is 6 cc., with a range from o.i to 
33 cc. The concentration of spermatozoa is 55 X 10® per cc. (3), and the pH 
of the semen is 6.2 to 6.4 (19). 

Mating usually lasts 15 to 25 minutes, and spermatozoa may be found in 
the oviduct within 8 minutes after unlocking. Artificial insemination into 
the vagina is unsuccessful, and it is impossible to deposit semen in the cervix 
because of the minute curved passage in the spongy papilla (6). 

1. Schulze, G. Deutsche Pelztierzucht, 13: 97-100, 126-12B, 1938. 

2. Jolianssen, L Ann. Agric, Coll., Sweden, 5: 179-200, 1938. 

3. Starkov, I. D. Usp. Zooteh. Nauk, 3: 385-401, 1937. 

4. Schmidt, F. Der Silberfuchs und Seine Zucht. Munich, 1938. 

5. Bassett, C. F., F. Wilke, and O. P. Pearson. Black Fox Mag., n.d. 

6. Exp. Fox Ranch, Summerside, P. E. L, Progress Report, Ottawa, 1941. 

7. Stoss, A. O. Landw, Pelztierzucht, 4: 181-189, 1933. 

8. Richter, J. Landw. Pelztierzucht, 3: 81-86, 97-101, 1932. 

9. Klemola, V. M. Finsk, Vet. Tidskr,, 46: 19-25, 41-47, 2940. 
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10. Pearson, O. R, and R. K. Enders. Fur Trade J., Canada, 21: 14-15, 30-31, 1943. 

11. Pearson, O. P., and R. K. Enders. Anat. Rec, 85^ ^943* 

12. Bassett, C. F., and J. R. Leekley. North Am. Vet., 23; 454“457. 1942- 

13. Kakuskina, E. A. Probl. Zooteh. Eksp. Endokrin., 2: 128-143, i935- 

14. Kakuskina, E. A. Bui. Biol. Med. Exp. U.R.S.S., 4: 29-31, 1937* 

15. Koch, W. Deutsche Pelztierzucht, 14: 2-6, 30-34, 1939. 

16. Rowlands, I. W., and A. S. Parkes. Proc. Zool. Soc., London, 823-841, 1935. 

17. Beck, A. Diss., Leipzig, 1936. 

18. Bishop, D. W. Anat, Rec., 84: 99-115, 1942. 

19. Starkov, I. D. ist All-Union Confr. Artif. Insemination, 122-130, 1935. 


Vulpes pulpes L. 
ENGLISH RED FOX 


The English red fox, like Vulpes julva, is monesttous, with the mating 
season at the end of January. It breeds first at about to months of age. Ovula- 
tion is spontaneous. There are few or no vulval signs of approaching heat, 
and no premature follicular growth during anestrum. The ovum measures 
no X 125 ii. The unmated vixen passes into pseudopregnancy after she has 
been in heat. The litter size varies from 3 to 7, and corpus luteiim counts in 
6 vixens averaged 5.7 (i). In proestrum the vaginal epithelium is many- 
layered, and the stroma of the uterus is dense and vascular. In pseudopreg- 
nancy the uterine stroma is not so dense; the glands are coiled, mainly at 
their bases, and their lumens are practically obliterated, as is also the uterine 
lumen. At the end of this period the surface epithelium of the uterus breaks 
down (i). 

I. Rowlands, 1. W., and A. S. Parkes. Proc. Zool. Soc., London, 823-841, 1935. 


Other CANID AE 


SPECIES 

BREEDING 

SEASON 

SEASON 

OF 

BIRTH 

NO. 

OF 

YOUNG 

GESTATION 

PERIOD 

HABITAT, 

ETC. 

Alopex bm'enganus 
Merriam 

Arctic Fox 

Feb. 

May-June 

4-8, 

usually 

6-7; 

mean 6.2 dr 

52 

days 

,2 
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Otlier CANID AE {Continued) 


SPECIES 

BREEDING 

SEASON 

SEASON 

OF 

BIRTH 

NO. 

OF 

YOUNG 

GESTATION HABITAT, 
PERIOD ETC. 

A. lagopus 




60 

Northern N. 

True 




days 

America 

Arctic Fox 






A. prilnlofeftsis 

March- 

May 17- 

5-1 1 



Merriam 

April 

June 6 




Pribilof Arctic Fox (N«A,F. 46) 





Car 2 is a^^ame 

Winter 




Paraguay 

Wied 

(Rengger) 





Azara’s dog 






C. dingo 



3-5. 

63 

Australia 

Blumenbach 



usually 

days 


Dingo 



3 



C. indict (S 



4 

63 

India 

Hodgson 




days 


Jackal 






C. lupus L. 

Dec.-Apr. 


4-9 

63 

Europe and 

European Wolf 

(Blanford) 




Asia. Puberty, 






2 yrs. 

C. lycaon 


March-Apr. 

1-12, 

9 

Eastern N. 

Schreber 


(N.A.R55) 

av, 6 

weeks 

America 

Timber Wolf 






C. mexicanus L, 


March 

6-10 


S. Mexico. Pu- 

Gray Wolf 


(N.A.F.49) 



berty, 2 yrs. 

C. occidentalis 

End Jan. to 


3-13. 

63 


Richardson 

1st March; 


usually 

days 


Gray Wolf 

later if colder 


6-7 




(Seton) 





C. ochropus 




65 

California 

Eschschollz 




days 


C, pallipes 


Oct.-Dec,, 

3-8 

^3 

India 

Sykes 


chiefly Dec. 


days 


Indian Wolf 


(Blanford) 
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SPECIES 

BREEDING 

SEASON 

SEASON 

OF 

BIRTH 

NO. 

OF 

YOUNG 

GESTATION HABITAT. 
PERIOD ETC. 

Chrysocyon 

brachyurus 

Illiger 

Maned Wolf 



2 


S. America 

Cuon du\huncnsis Winter 

Sykes (Blanford) 

Indian Wild Dog 

All seasons, 
mostly Jan.~ 
Feb. (Braiider) 

2-4 

^3 

days 

India 

Lycaon pictus No regular 

Temminck season, but 

Cape Hunting Dog may be spring 
and fall in 
temperate 
climates 
(Shortiidge) 

2-6 

63? 

80? 

days 

Africa 

Otocyon megalotis 
Desmarest 
Big-eared Fox 


Dec,-Apr, 

(Wilhelm) 

3-5 

60-70 

days 

Africa 

Thos adustus 
Sundervall 
Side-striped Jackal 


Winter in 
Transvaal 
(S. Hamilton) 

3-7 

57-60 

days 

Africa 

T. mesomelas 

Schreber 

Black-backed Jackal 

Nov.-Dee. 

(Wilhelm) 

2-6 


Africa 

Urocyon cinero- 
argenieus 

Schreber 

Gray Fox 

Feb,, 

monestrous 

(Grinnell) 

March-May 

av. 4 

About 

<>3 

days 

N. America 

Vulpes alopex L. 
Common Fox 

End of 
winter 
(Blanford) 

End March, 

April 

5-7 

9 

weeks 


F. hengdemis 
Shaw 

Indian Fox 

Nov.-Jan. 

(Blanford) 

Feb.-Apr. 

4 


Europe and 
Asia 
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Other CANID AE {Continued) 


SPECIES 

BREEDING 

SEASON 

SEASON 

OF 

BIRTH 

GESTATION 

PERIOD 

YOUNG 

HABITAT, 

ETC. 

y. chama 


Aug.-Sept. 


S. Africa 

A. Smitli 

Chama Fox 


(Shortridge) 



V, velox 

Say 

Kit Fox 



4-5 

N. America 

Fen n ecus zerda 



51 

N. Africa 

Zimmermann 

Fennec 



days 



VIVERRIDAE 
Civeuictis civetta Sclireber 
AFRICAN CIVET 


This civet of tropical Central Africa has two breeding seasons a year in 
Tanganyika^, in March and October. The litter size is 2 to 5. More secretion 
can be obtained from the scent glands of the male at the time of rut than 
at other times (i), 

1. Vandenpntj R. Bui. Agric. Congo Beige, 28: 135-146, 1937. 


Other VIVERRIDAE 


SPECIES 

BREEDING 

SEASON 

SEASON 

OF 

BIRTH 

GESTATION 

PERIOD 

YOUNG 

HABITAT, 

ETC. 

Atilax paliidinosus 


Aug. 

2 

Africa 

Cuvier 





Water Mongoose 
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Other VIVERRIDAE {Continued) 


SPECIES 

BREEDING 

SEASON 

SEASON 

OF 

BIRTH 

NO. 

OF 

YOUNG 

GESTAnON HABITAT, 
PERIOD ETC. 

Cynictis penicillata 
Cuvier 

Bushy-tailed Mierkat 



2-4 

S. Africa 

Gcnetta genetta L. 
Small Spotted Genet 


Sept~Oct. 
and March- 
May, in S. 
Africa 
(Shortridge) 

2-4, Africa 

usually 

2-3 

G. tigrim 

Schreber 

Rusty-spotted Genet 


May and Oct., 
in S. Africa 
(Shortridge) 

2-3 

Africa 

Helogale pannda 
Sundervall 

Dwarf Mongoose 


March 

(Shortridge) 

2-4 

S. Africa 

Hcrpestes edwardsi 
Desmarest 

Common Mongoose 

Probably 
all year 
(Frere) 


2 

About India 

60 days 

Mungos mungo 
Gmelin 

Banded Mongoose 


Spring 

(Blanford). 

Pregnant 

Nov., Dec. 
in S.W. Africa 
(Shortridge) 

3-r, 

Africa and India 

Myonax cauui 

A. Smith 

Slender Mongoose 



2-3 

Cent, and S, Africa 

M. sanguineus 

Ruppcl 

Little Mongoose 



2 

Cent. Africa 

Paracynictls selousi 

De Winton 

Mierkat 



2 

Northern S. Africa 

Paradoxurus grayi 
Bennett 

Himalayan Palm Civet 



4 

Northern India 
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Other VIVERRIDAE {Continued) 


BREEDING 

SPECIES SE.4SON 

SEASON 

OF 

BIRTH 

NO. 

OF 

YOUNG 

GESTATION HABITAT, 
PERIOD ETC. 

P. niger 

Desmarest 

Palm Civet 



4h5 

India 

Prionodon par dicolor 
Hodgson 

Spotted Tiger Civet 

Feb., Aug. 
(Bianford) 


2 

Eastern Himalayas 
into China 

Smicata suricatta 
Erxleben 

Slender- tailed Mierkat 


Pregnant 
Nov., Feb. 
(Shortridge) 

2-4 

S. Africa 

Viverra niegaspihi 
Blyth 

Burmese Civet 





V, siibetha L. 

Large Indian Civet 

May-Junc 

(Bianford) 


3-4 

S. and S.E. Asia 

Viverrictda 

malaccensis 

Gmelin 

Small Indian Civet 



4~5 

S. and S.E. Asia 


PROTELIDAE 
Proteles cnstatus Sparrman 
AARD WOLF 


The African aard wolf bears its young in the southern part of its range 
during the months of November and December. The litter size is usually 
2 to 4, but as many as 6 may be born at one time (i). 

i. Shortridge, G. C. The Mammals of South West Africa. London, 1934- 
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HYAENIDAE 
Crocuta crocuta Erxleben 
SPOTTED HYENA 


The hyena of Africa is polyestrous all the year, with a cycle of about 14 
days. There is no seasonal sexual activity in the male. The fejnalc reaches 
puberty at a later age than the male. She has a peniform clitoris, scrotal 
pouches, and perineal and anal glands, resembling those of the male. The 
resemblance is so great that the ancients regarded the hyena as hermaphro- 
ditic. The corpus luteum is functional throughout pregnancy and persists dur- 
ing lactation. The number of young is i, rarely 2, but a larger number of eggs 
are shed, apparently from only one ovary. The duration of pregnancy is no 
days (i). In South Africa the young are said to be born in winter (2) . 

1. Matthews, L. H. Trans. Roy. Soc., London, 230B: 1-78, 1939. 

2. Shortridge, G. C. The Mammals of South West Africa. London, 1934. 

Other HYAENIDAE 


SPECIES 

NO. 

OF 

YOUNG 

GESTATION 

PERIOD 

HABITAT, 

ETC. 

Hyaena brunnea 

2-4 

3 

S. Africa. Testes 

Thunberg 

Brown Hyena 


months 

externa! 

hyaena L. 

3-4 


N. Africa and Asia 

Striped Hyena 





FELIDAE 
Felts catus L. 
DOMESTIC CAT 


The domestic cat reaches puberty at about 15 months of age. She is, in a 
sense, seasonally polyestrous, since in the absence of the male several heat 
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periods are experienced, in spring and in early fall. Ovulation is induced by 
coitus and rarely occurs in its absence. Sterile copulation produces a condi- 
tion of pseudopregnancy which lasts for 36 days. The modal litter size is 4, 
and the period of gestation is about 63 days from coitus. 

THE ESTROUS CYCLE 

In northern Europe heat periods are experienced twice a year, in spring 
and early fall (i), but in Algiers the seasons are from December 15 to the 
end of January, and from July 15 to the end of August. Some females, how- 
ever, may be found in heat at any time from January to July (2) . In the north- 
ern United States anestrum lasts from September to January (3). Heat, in 
the presence of the male, lasts about 4 days, with the time of greatest accept- 
ance on the third day. In the absence of the male it lasts 9 to 10 days (4), or 
more (i), and it recurs 15 days to 3 weeks later (4). Ovulation is induced 
by coitus, and in 100 cases without coitus it did not occur (4) . It follows 
coitus after 24 to 30 hours (5), 27 hours (4), or 40 to 54 hours (i). Sterile 
copulation is followed by pseudopregnancy, which lasts for 36 days, but 
the corpus luteum regresses from 28 days onward (i). Another report gives 
about 30 days as the usual duration, but it may last 44 days (3). 

The ovum takes 95 to 103 hours from the time of shedding to pass through 
the oviduct into the uterus. The number of eggs shed is 4.12, with a mode 
at 4 to 5 (4), and the mean litter size is 3.88. The latter is correlated with the 
weight of the mother (6) . The duration of gestation is 63 days from coitus 
(4), or 65 days in highly bred cats with little exercise and less in those which 
are free to roam (7). 

HISTOLOGY OF THE FEMALE TRACT 

OVARY* During the period between coitus and ovulation there are no 
obvious changes in the graafian follicle in the first six hours; then the cumulus 
odphoron enlarges because of intercellular accumulation of secretion. Later, 
the whole granulosa layer shares in this enlargement and loosening. The 
secretion of this secondary liquor folliculi ceases by 24 hours, and then the 
granulosa cells begin to appear active; they lose their pycnotic appearance 
and become vesicular. The first spindle in the ovum is formed at x8 hours, 
and the polar body is extruded at 22% hours (5). At ovulation there is no 
hemorrhage or leucocytic invasion into the cavity, but the walls are deeply 
folded. The theca cells form the interstitial tissue of the corpus luteum; 
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mitoses are numerous in these cells by i8 hours after ovulation, but few can 
be found after 7 days. The lutein cells are formed exclusively from the 
granulosa layers. The maximum size of the corpus luteum is reached at 
10 to 16 days after coitus. During pregnancy gradual regression sets in after 
20 days (8) . This is said to occur after 28 days in the corpus luteum of pseudo- 
pregnancy, Follicles which do not rupture retrogress by thecal atresia (i), 
and the interstitial tissue of the ovary originates in the thecal cells (9). There 
is no evidence for neogenesis of ova during adult life, of for linking the 
degree of atresia to events in the estrous cycle (10). 

VAGINA. The anestrous vaginal epithelium consists of a few layers of 
epithelial cells. In proestrum there is rapid growth and the superficial cells 
become flattened. At heat the epithelium grows until it is 24 cells thick, 
with several layers of cornified cells. This continues for 3 days after coitus. 
Toward the end of the period gradual sloughing and leucocytic invasion 
occurs (34). The anestrous smear contains nucleated epithelial cells, which 
become very numerous in proCvStrum. The smear of heat contains mostly 
large, nonnucleated, cornified cells with a few nucleated cells. This is said to 
be the smear if heat occurs in the spring. Nucleated cells are said to pre- 
dominate in the smear of a fall heat. During metestrum large numbers of 
leucocytes appear (ii). 

UTERUS. In the anestrous uterus the glands are straight and do not ex- 
tend deeply into the mucosa. Their epithelium is 6 to 12 high, and their 
diameter, 20 to 30 /a. The surface cells are 6 to 12 [i in height. Mitoses are 
absent. During proestrum the surface epithelium increases to 20 to 24 iu.. At 
heat this layer does not grow further, but the glands almost double in 
diameter and remain uncoiled. In the lutein phase the epithelial cells revert 
to their height in anestrum. The glands increase to 120 ju. in diameter and the 
cells to 40 fi'. This growth is apparent within 48 hours or less from ovula- 
tion and is maintained to from 12 to 15 days, the normal time of implantation. 
At this time secretion begins in the necks of the glands and proceeds toward 
the bases, which are actively secreting by the twenty-second day (3). The 
degree of coiling, also, is very marked. The great glandular growth causes 
the uterus to resemble that of the rabbit during its lutein phase, but the 
changes are slower than in that species. If ovulation has not occurred, the 
uterus retrogresses and there is a marked invasion of leucocytes. The secretory 
changes in the uterus occur about 3 days earlier in the nonpregnant cat, and, 
in either case, the collapse of the glands as secretion sets in causes the inner 
surface of the uterus to become fringed (4). 
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OVIDUCT, The tubal epithelium during anestrum is 12 to 15 p. high, 
and cilia are not prominent. In proestrum the calls measure 24 to 40 and 
cilia are much more prominent. During heat mitoses become appreciable. 
In the lutein phase the height of the cells decreases, but the extrusion of 
protoplasm is not so prominent as it is in most other species (3). The cells 
lose their cilia except in the crypts (4) . 

The oviduct enters the uterus at its tip on the mesenteric side, then it 
turns and ends on a low papilla without villi or thickening of the muscle. 
It is impossible to force fluid from the uterus into the tube (12). 

PHYSIOLOGY OF THE FEMALE TRACT 

The cat differs from other species with induced ovulation as in this species 
it can be induced by stimulating the distal portion of the reproductive tract 
with a glass rod. The interval between stimulation and ovulation is 25 hours 
or less (2) . 

If the amount of illumination is increased by exposing cats to longer periods 
of light beginning in October, they come in heat at the end of November, 
much earlier than the usual time. It requires about 50 days of treatment to 
produce an effect (13). 

The placenta does not appear to be so good a barrier to hormones as it is 
in most species since the uterine glands of the newborn kitten are active. 
This activity ceases soon after birth (14). If the ovaries are removed up to 
46 days after coitus, abortion results. If the operation is performed at 49 days 
or later, the young are carried to term (4) . 

The removal of one ovary causes a compensatory hypertrophy of the re- 
maining ovary (4) . 

The uterine muscle has a very low spontaneous motility during anestrum, 
and the response to drugs at this time is fainter or negative. The muscle 
always responds to pituitrin. Epinephrin is inhibitory during heat and motor 
in the lutein phase (3). In the cat ovariectomized for 15 days, the response 
given is that of relaxation (15). In the pseudopregnant cat the epinephrin 
reversal response is given from 48 hours after ovulation to 44 days (3). 

The anterior pituitary of the mature, anestrous female contains 65 B.U. 
of lactogen per gram of tissue. During the breeding season this is increased 
to 224 B.U. (16). 

The injection of 100 R.U. of estrogen daily into immature cats, 5 to 13 
weeks old (340 to 810 gms.), caused hypertrophy of the vaginal mucosa by 
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5 days and a little increase in the endometrium. By 9 to 10 days the proestrous 
type of endometrium had been produced, and by X4 days, the estrous type. 
These changes could not be hastened by increasing the daily dose to as high 
as 1,000 R.U. (17). Before nidation pregnancy can very easily be terminated 
by the injection of estrogens, afterwards a dose of 1,000 R.U. or more, given 
over 6 days, is needed to produce this result (4). 

Heat and ovulation may be induced most effectively during anestrum by 
injecting F.S.H. together with a very small amount of L.H, The resulting 
pseudopregnancy lasts 40 to 44 days, judging by the epinephrin reversal test 
with uterine muscle. This is also the length of normal pseudopregnancy, 
according to these workers (3) . Anestrous cats injected in July were brought 
in heat by from 22 to 84 R.U. of F.S.H., together with a trace of L.H., given 
over 6 days. The mean dose for 5 cats was 54 R.U. of F.S.H. Sometimes 
ovulation and sometimes luteinization of follicles resulted (18). In immature 
cats the injection of menopause urine at the rate of 20 to 25 R.U. daily causes 
follicle stimulation. The right ovary tends to respond more than the left, 
and at this dosage the endometrium is brought into the estrous state (19). 
In the anestrous cat F.S.H. is more effective in inducing ovulation than is 
either P.U, or but it is difficult to adjust the dose so that ovulation 

and pregnancy may occur (20). Gonadotrophic hormones in doses of 50 to 
100 M.U. are said to be effective (21). 

THE MALE 

Early castration inhibits the growth of the penis, and no penial spines are 
formed (22). The normal male excretes more ketones in the urine than 
does the female. Castration abolishes this difference, and the injection of 
testosterone restores it (23). 

The lactogen content of the pituitary of the male during the nonbreeding 
season is 37 B.U. per gm., about two thirds that of the anestrous female (16). 

The injection daily of 100 R.U. of estrogen into immature males causes 
hypertrophy of the glandular epithelium of the prostate (24). 

1. Liche, H. Nature, 143: 900, 1939. 

2. Greulich, W. W. Anat. Rec,, 58: 217-224, 1934, 

3. Foster, M. A., and F. L. Hisaw. Anat. Rec., 62: 75-93, 1935. 

4. Gros, G. Thesis, Algiers, 1936. 

5. Dawson, A. G., and H. B. Friedgood. Anat. Rec., 76; 411-430, 1940. 
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6. Flail, V. E., and G. N. Pierce, Jr. Anat. Rec., 60: 111-124, 1934. 

7. Soame, E. B. FL Fur and Feather, 96(2403): 10, 1936. 

8. Dawson, A, B. Anat Rec., 79: 155-173, 1941. 

9. Kingsbury, B. F. Am. J. Anat, 65: 309-331, 1939. 

10. Kingsbury, B. F. J. MorphoL, 63: 397 “* 4 I 9 j 1938. 

11. Liche, H., and K. Wodziki. Nature, 144: 245-246, 1939. 

12. Andersen, D. H. Am. J. Anat, 42: 255-305, 1928. 

13. Dawson, A. B. Endocrinol., 28: 907-910, 1941. 

14. Courrier, R., and G. Gros. Compt Rend. Soc. Biol., Paris, ii: 1021-1022, 1932. 

15. Robson, J. M., and H. O. Schild. }. Physiol, 92: 1-8, 193S. 

16. Reece, R. P., and C. W. Turner. Mo. Agric. Exp. Sta., Res. Bui. 266, 1936. 

17. Starkey, W. F., and J. H, Leathern. Proc. Pa. Acad. Sci., 14: 87-90, 1940. 

18. Friedgood, FI. B. Am. J. Physiol, 126: 229-233, 1939. 

19. Starkey, W. F., and J. FI. Leathern. Proc. Soc. Exp. Biol and Med., 41: 503-507, 

1939- 

20. Windie, W. F. Endocrinol, 25: 365-371, 1939, 

21. LesboujTcs, — and — Berthelon. Bui. Acad. Vet Franc., 10; 126-130, 1937. 

22. Reisinger, L. Tierarztl Rundschau, 43: 25, 1937. 

23. Chamberlain, P. E., W. FI. Furgason, and V. E. Hall J. Biol Chem., 121 : 599-606, 
1937 - 

24. Starkey, W. F., and J, H. Leathern. Anat Rec., 75: 85-89, 1939. 


Felis leo L, 
LION 


The lion has no fixed breeding season and is polyestrous. Heat may last 
for a week, and it recurs at intervals o£ 3 weeks. Two litters may be born 
in a year. The gestation period is about 108 days (i). Observed gestations 
have varied from 105 to 113 days. Up to 6 young may be born at a time, but 
2 to 3 is the usual number (2). 

The anestrous vaginal smear consists of nucleated epithelial cells of various 
types. During heat it shows mostly large, flat, nonnucleated, cornified cells 
with a smaller number of cells whose nuclei are pycnotic (3). 

1. Marshall, F. FI. A. The Physiology of Reproduction. London, 1922. 

2. Blanford, W. T. The Fauna of British India, Including Ceylon and Burma. Mam- 
malia. London, 1888-91. 

3. Liche, FI., and K. Wodzkki. Nature, 144: 245-246, 1939; 
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Felts sylvestris Schreber 
EUROPEAN WILD CAT 


The wild cat in Scotland is apparently seasonally polyestrous, with one heat 
in the first half of March, a second at the end of May or the beginning of 
June, and another, rarely, in late fall. Anestrum then sets in until the end 
of February. The female reaches puberty at less than 12 months (i) . 

The ovaries are in open capsules. From 2 to 10 follicles rupture at a time, 
with 5 as the modal number. The corpora lutea are slow to retrogress, and 
large ones from the first heat persist when mature follicles are present at the 
second heat. The fertilized ova may transfer from one horn to the other 
across the body of the uterus (i). 

The uterus and vagina are ridged longitudinally. During heat the en- 
dometrium has large glands, and at the same time there is extensive des- 
quamation of cornified cells in the vagina (i). Gestation lasts 68 days (2). 

I. Matthews, L. H. Proc. Zool. Soc., London, iiiB; 59-77, 1941. 

3. Tetley, H. Proc. Zool. Soc., London, iiiB: 13-23, 1941. 


Other FELIDAE 


SPECIES 

BREEDING 

SEASON 

AP* f^hSTATiON HABITAT, 
PERIOD ETC. 

BIRTH YOUNG 

Acinonyx phaUis 

Schreber 

South African Cheetah 

July to 

Dec. 

(Hamilton) 

2-4 

95 

days 

Africa 

Caracal caracal 

Probably 

Usually 

2-4 


Africa 

Schreber 

no fixed 

July-Aug. 




Caracal 

season 






(Shortridge) 





Fclis bengalensis 

May 


3-4 

5^ 

S. and E. Asia 

Kerr 

(Blanford) 



days 


Leopard Cat 






K chans 

Two seasons 


3-4 


W. Asia, N. Af- 

Guldens t^t 

a year 




rica 

Jungle Cat 

(Blanford) 
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Other FELIDAE {Continued) 




sPEcms 

BREEDING 

SEASON 

np' gestation HABITAT, 

BIRTH YOUNG 

F. concolor 

No fixed 

Mostly Apr. 1-4, 

90- 

Mountains of 

True 

season 

in N. Arner- usually 

93 

N. and S. Amer- 

Panther, Puma 

(Hamilton) 

ica 2; mean 

days 

ica 



2.4 rt .09 


F. giauctila 


I 


Mexico and 

Thomas 




Cent. America. 

Long-tailed cat 




One record 

F, lyhica 


2-5. 

56 

Africa 

Forster 


usually 

days 


3ray Wild Cat 


2-3 



lynx L. 

Early May 

2-3 

63 

Europe and Asia 

^ynx 

(Elliott) 


days 


^ mearnsi 


3 


Cent. America 


yien 

3ceIot 


\ nigripes 
^urcheli 

Hack-footed Cat 



2-“3 


S. Africa 

onca 

True 

aguar 


At close 
of year 
(Elliott) 

2-4 

93“ 

no 

days 

Cent. America 

L pardalis L. 

Dcelot 

End of year 
to Jan. 
(Cabrera and 
Yepes) 


2 


Cent and S, 
America 

L pardtis L, 

^eopard 

Breeds all 
year 

(Shortridge) 

In India, 1-4, 

most young usually 
born Apr. 3 

(Brander) 

92- 

95 

days 

Asia and Africa 


^ ramsayi No definite Brazil 

-liller season 

aguar (Miller) 
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SPECIES 

BREEDING 

SEASON 

SEASON 

OF 

BIRTH 

GESTATION 

PERIOD 

YOUNG 

HABITAT, 

ETC. 

F. tigrina 



2 


S. America 

Erxieben 






Margay 






F. iigris L, 

No definite 



105 - 

Asia 

Tiger 

season 


usually 

109 



(Blanford) 


2-3 

days 


F. uncia 




93 

Cent. Asia 

Schreber 




days 


Ounce, Snow Leopard 






Hcrpailuriis yaguarondi End of year 


2-3 

9 

S. America 

Desmarest 

(Cabrera and 



months 


Jaguar 

Yepes) 





Lynx canadensis 

First half 


1-4 

2 

N. America 

Kerr 

of March 



months 


Canadian Lynx, Bobcat (Seton) 





L, Tu]us 

Late Feb. 

Mostly Apr. 


About 

N, America 

Schreber 

(Hamilton) 

but may be 

mean 

50 


Bobcat 


anytime 

2.8 dr 

cliiys 




(Grinnell) 

. 2 , modes 






2 and 4 



Oncifelis geoffroyi 

Once a year 


2-3 


S. America 

D’Orbigny 

(Cabrera and 






Yepes) 



PINNIPEDIA 


T he seals and walruses breed once a year, in spring soon after they have 
given birth to their young. This gives a gestation period of almost a 
year. Delayed implantation has been found in one species and one may guess 
that it is the rule in most. 


OTARIIDAE 
Callorhinus ursinus L. 
NORTHERN FUR SEAL 


The fur seal of Arctic waters has its young from about June 20 to July 
20, and mates a few days afterwards (i). The number of young is usually 
I. Females approaching their first ovulation have large follicles in only one 
ovary. In the adult, ovulation and implantation occur in the ovary and uterus 
which was inactive the previous year. The corpus luteum persists for more 
than a year. Embryos have not been seen macroscopically in females killed 
in November; consequently, it is believed that delayed implantation is the 
rule, especially since blastocysts have been found in July and August (2). 

1. Bailey, V. North American Fauna, No. 55, 1936, 

2, Enders, R, K., O. P, Pearson, and A. K. Pearson. Anat. Rec., 91 : No. 4., proc. 9, X945. 
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SPECIES 

BREEDING 

SEASON 

SEASON 

OF 

BIRTH 

NO. , 
OF 

YOUNG 

GESTATION HABITAT, 
PERIOD ETC. 

Arctoccphalus 

australis 

Zimmermana 

Atlantic coast, 
Dec., Jan.; 
Chilean coast, 
Nov., Dec. 
(Cabrera and 
Yepes) 


I 

II 

months 

S. America 

A. forsteri 

Lesson 

Fur Sea! 


Nov. I O'- 
Dec. 10 
(Shortridge) 

L 

some- 

times 

2 


Australian coast. 
Puberty at 3 years 

A. pusiilus 
Schreber 

Cape Fur Seal 

Almost im- 
mediately after 
birth of pups 
(Shortridge) 

Nov.>-Jan. 

usually 

TI- 

12 

months 

S. African coast 

Eumetopias jtibata June, soon 
Schreber after partu- 

Northern Sea Lion rition 

(N.A.F.55) 


I 


N. Pacific coast 

Otaria f.avescens 
Shaw 

(Often regarded 
as a subspecies 
of 0. jubata) 

spring 

Jan.-Feb. 
in Argentina; 
Nov. in Chile 
(Cabrera and 
Yepes) 

I 

About 

330 

days 

S. American coast. 
Puberty at 2 years 
in both sexes 
(Arregni and Re- 
galado) 

0 . jubata 

Forster 

Southern Sea Lion 

Summer 

Dec.-Jan. 



Falkland Is. Pu- 
berty at 6 years 
(J, E. Hamilton) 

Zalophus call- 
fornianus 

Lesson 

Californian Sea 
Lion 

June 15- 
July 15 
(Rowley) 

June 

1 

11% 

months 

California 
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PHOCIDAE 

Leptonychotes weddellii Allen 
WEDDELL’S SEAL 

Weddeirs seal reaches puberty at 2 years o£ age in the female. In the Bay 
of Whales, Antarctica, 44 births of known date all occurred between Octo- 
ber 5 and November 10; the median date was October 23. The number of 
young is usually i, rarely 2, and the period of gestation is long, with 10 months 
and 10 days as a probable maximum (i). 

I. Lindsey, A. A. J. Mammalogy, 18: 127-144, 1937. 


Fhoca groenlandica Erxleben 
GREENLAND SEAL, HARP SEAL 

The calving time of the Greenland seal is from the second half of February 
to the first half of March. A few calve later, the latest observed date being 
April 15. The last to calve are the young cows with their first calves. The 
sex ratio in 1,414 calves was 51 per cent males (i). They do not breed until 
they are 4 years old (2). 

1, Dordfejev, S. V. C. R. (Doklady) de FAcad. de Sci. de I’U.R.S.S. ii: 47-48, 1936. 

2. Colman, J. S. J. Anim, EcoL, 6: 1 45-159, 1937. 


Fhoca vitulina L. 
HARBOR SEAL 


On the Pacific coast of North America the harbor seal is born over a period 
of 3 to 4 months beginning in May. The season is later in inland waters, in 
Puget Sound, for example. The number of young born is i, rarely 2. Mating 
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is believed to be most frequent in September. The age of puberty of the 
female is at least 2 years. Spermatogenesis begins early in July (i). On the 
coast of Holland the young are born early in July, and mating is about th'. 
beginning of September. The male is believed to reach puberty at the ead 
of its third year, at which time a sudden growth of the baculum occurs (r). 

1. Scheffer, V. B., and J. W. Slipp. Am. Midland Nat, 3a: 373-416. i 944 - 

2. Havinga, B. Tijdschr. Ned. dierk. Vereen., Ser. 3, 3: 79-ni, 1933. 


Other PHOCIDAE 


SPECIES 

BREEDING 

SEASON 

SEASON gestation 
PERIOD 

BIRTH 

HABITAT, 

ETC, 

Cystophora cristata 
Erxleben 

Hooded Seal 




N. Atlantic. Puberty 
at 4 years 
(Colman) 

Mirounga leonina L. 
Sea Elephant 

Oct-Nov., 

20-25 
parturition 
(Cabrera and Yepes) 

About 

340 

clays 


Phoca hispida 
Schreber 

Ringed Seal 


Feb.-March 
(Bailey and 
Hender) 

276 

days 

Greenland and 
Labrador 


ODOBENIDAE 



Odobenus dtvergctis 
Illiger 

Pacific Walrus 

June to early 

July 

(Murie) 

May to early 
June 

II 

months 

Alaska. Puberty: 
male, 5-6 years; 
female, 4-5 years 

0, rosmarus L. 
Atlantic Walrus 

Mid-April to 
end May 
(Capskii) 


About 

I year 

Puberty; male, 5 
years; female, 4 
years 






UMU 

TWO DAYS POST FOUR DAYS POST 


Plate XL Contractions of uterine muscle 
in relation to the estrous cycle in the cow. 




Plate XIL Epinephrln effects upon uterine muscle when the ovariectoniized cow is 
treated with varying amounts of ovarian hormones. Top: Low estrogen, relaxation. 
Center: High progesterone, contraction. Bottom: Low^ estrogen with low progester- 
one, diphasic effect. 


CETACEA 


A LTHOUGH our knowledge of the breeding habits of whales is limited, 
XiLenough is known to question whether, as a rule, there is a definite 
breeding season. Embryos of various sizes have been found in females at the 
same time of year. Many species are polyestrous. It is interesting to note the 
persistence of corpora lutea throughout most of their lives, so that the number 
found in the ovaries is some indication of the age of the females. 


DELPHINIDAE 
Delphinus delphis L. 
COMMON OCEAN DOLPHIN 


The young are still attached to the mother by the umbilical cord several 
days after parturition. At this time the placentae and corpora lutea are still 
present, and the latter show no signs of involution (i). The period of gesta- 
tion is said to be 276 days. 

I. Khvatov, V. P. Bui. Biol. Med. Exp. U.R.S.S., 5: 27-88, 1938. 

Other DELPHINIDAE 


SPECIES 


BREEDING GESTATION HABITAT, 

b 5™ Yomo ^ 


Delphinapterus kucas 1 One record 

Pallas 


White Whale 
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Other DELPHINIDAE {Contimted) 


SPECIES 

BREEDING 

SE- 4 SON 

SEASON 

OF 

BIRTH ' 

GESTATION HABITAT ^ 
PERIOD ETC. 

YOUNG 

1 

Globlccephalus 
scammoni Cope 
Blacklish 


Any time 



N. Pacific Ocerji 

Fhocaena phocoena L. 
Harbor Porpoise 

JuIy~Oct. 

(Calkin) 

Apr, to 
mid-June 

I 

183 

days 

N. Atlantic Ocean 

F. phocaenoides 

Cuvier 

Little Indian Porpoise 


Oct. 

I 



Fseudorca crassidens 
Owen 

False Killer Whale 

Polyestrous, 
except in winter 
(Comrie and 
Adam) 


I 



Monodon monocerosh. 
Narwhal 

No definite 

season 

(Parsild) 


X 


Arctic seas 

T ttrsiops tmncatus 
Montague 

Bottlenose Dolphin 



I 


Atlantic Ocean 

SUnella plagiodon 

Cope 

Long-snouted Dolphin 



I 


Atlantic coast of 
U.S. 

Flatanista gangetka 
Lebeck 

Ganges Dolphin 


Apr.- July 

L 

rarely 

2 

8-9 

months 

Indian rivers 

INIIDAE 

Inia geoffroyensis 

Gray 



I 


Amazon River 

KOGIIDAE 

Kogia brevic^ps 
Blainviile 

Pygmy Sperm Whale 

Late summer 
(G. M. Allen) 

Spring 

X 

About 9 
months 
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PHYSETERIDAE 
Physeter catodon L. 
SPERM WHALE, CACHALOT 


Sperm whales usually mate from August to December, with the peak in 
October, and calving is from December to April, mostly in February. They 
breed once in 2 years, and the females are polyestrous. There is no lactation 
anestrum. The male is fecund all the year round. It reaches puberty before 
2 years of age, and the female at about 15 months. Gestation lasts about a 
year, and i young is born at a time (i). 

One testis without epididymis weighed 6.38 kg. The internal diameter of 
the tubules of the tail of the epididymis is 2 mm., and of the vas deferens, 
5 mm. The head length of the spermatozoa is 4.93 dr .017 /x, and the breadth, 
2.67 ± .012 /A. The total length is 40.6 (2) . 

1. Matthews, L. H. Discovery Reports, 17: 93-168, 1938. 

2. Yamam, J. Zeit. Zucht, 34B: 105-109, 1936. 


ZIPHIIDAE 

Hyperoddon ampullatus Forster 

BOTTLENOSE WHALE 


The mating time of the bottlenose whale is April and May. In the Arctic 
the young are born before May and June. The female may be pregnant while 
lactating. One young is the rule, and the period of gestation is about 12 
months (i), 

I. Ohlin, A. Lund, Acta Univ., 29: No, 2, 1892-93. 
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Mesoplodon mirum True 

TRUE’S BEAKED WHALE 


A single record gives i as the number o£ young born. 


BALAENIDAE 


SPECIES 

SEASON 

OF 

BIRTO 

NO. 

OF 

YOUNG 

GESTATION 

PERIOD 

HABITAT, 

ETC, 

Eubalaena australis 

June-July 

I 


Southern Hemisphere 

Desmoulins 

(Shortridge) 




Southern Right Whale 





E. glacialis 

March 


276, 

N. Atlantic Ocean 

Borowski 

(Millais) 


360 


Atlantic Right Whale 



days 



BALAENOPTERIDAE 
Balaenoptera borealis Lesson 
LESSER RORQUAL, SEI WHALE 


The lesser rorqual breeds at the age of 2 years. The female is polyestrous 
and the season is from May to August, with its maximum in July. There is 
an anestrous period of 6 to 7 months from the end of lactation to the begin- 
ning of the next pregnancy. Gestation lasts about 12 months. The male is 
fecund all the year round (1,2). Breeding occurs in tropical and subtropical 
waters (3). 

1. Matthews, L. H. Discovery Reports, 17: 183-290, 1938. 

2. Zenkovic, B. A. Dokl. Akad. Nauk, S.S.S.R., 2: 337 “ 343 , r935. 

3. Kellogg, R. National Geographic Mag., 77; 35-90, 1940. 
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Balaenoptera physalus L. 
FINNER WHALE 


The firmer whale reaches puberty at the age o£ 2 years, and matings occur 
during the months from November to March (i). The corpora lutea persist 
throughout life in a more or less degenerated condition (2). The duration 
of gestation has been given by various authorities as between 305 and 365 days, 

1, Zenkovic, B. A. DokI, Akad. Nauk, S.S.S.R., 2; 337''343, 1935. 

2. Peters, N. Zook Anz., 127: 193-204, 1939, 


Megaptera novaeangliae Borowski 
HUMPBACKED WHALE 


This whale, also described as M. nodosa and by other names, mates in the 
Southern Hemisphere from August to November, mostly in September, 
and most births are from July to September. The female is polyestrous and 
usually breeds once in 2 years, occasionally twice in 3 years. The gestation 
period is about ii months (i). Other records of births are so varied that it 
may be doubted whether there is any regular breeding season, or possibly 
mating and calving grounds are often scattered climatically. The usual num- 
ber of young is i, but twins are common (2). 

1. Matthews, L. H. Discovery Reports, 17: 8-92, 1938. 

2. Cabrera, A., and J. Yepes. Historia Natural Ediar. Mamiferos Sud Americanos, 
Buenos Aires, 1940. 


Sibbaldus musculus L. 
BLUE WHALE 


Puberty is reached when the blue whale is 2 years old (i). There is said 
to be no regular breeding season, and gestation lasts about i year (2). Single 
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births are the rule, but twins are not uncommon (3) . The ovary weighs 4 
to 5 kg., and it contains about 500 cc, of liquor follicuH which has an estrogen 
value of about 2,000 M.U. per liter. The corpus luteum may weigh 4 kg., and, 
after preservation in a frozen state for a year, the tissue gave a progesterone 
value of 60 Rab.U. per kg. The anterior pituitary weighs 30 g. (4) . The corpus 
luteum remains throughout life in a more or less degenerated state (5). 

1. Krogh, A. Nature, 133: 635-637, 1934- 

2. Lillie, D. G. Proc. Zool. Soc,, London, 769-792, 1910. 

3. Bailey, V. Nortli American Fauna, No. 55, 1936. 

4. Jacobsen, A. P. Nature, 136: 1029, 1935. 

5. Peters, N, Zool Anz,, 127: 193-204, 1939. 


RHACHIANECTIDAE 


SPECIES 

BREEDING 

SEASON 

SEASON 

OF 

Birm 

NO. 

OF 

YOUNG 

Rhachianectes glaucus 

April 

Last half 

I 

Cope 

(N.A.F.55) 

of Jan, 


Gray Whale 


(Kellogg) 




NOMARTHRA 


MANIDAE 


SPECIES 

SEASON 

OF 

BIRTH 

NO. 

OF 

YOUNG 

HABITAT, 

ETC 

Manis pentadaciyla L. 

Jan.-March 

h 

India 

Indian Pangolin 

in Deccan> 

July in Shevroy 

Hills (Blanford) 

rarely 

2 


Smutsia temminckji 

Smuts 

Scaly Anteater 


I 

S. Africa 



XENARTHRA 


D elayed implantation of the embryos is probably common in the 
Xenarthra, and in this connection it is interesting to note that the 
activity of the corpus luteum is believed to be in abeyance until implantation 
occurs. Lactogen assays of the anterior pituitary might reveal data of interest 
in this respect. Polyembryony is also common in the order. 


BRADYPODIDAE 


SPECIES 

BREEDING 

SEASON 

SEASON NO. 

OF OF 

BIRTPl YOUNG 

GESTATION HABITAT. 
PERIOD ETC. 

Bradypus cucuUiger 
Wagier 

Three-toed Sloth 

March- 

April 

(Beebee) 

July-Sept, I 
mostly 

Aug. 


S. America 

B, griseus 

Possibly Dec. 


4"^ 

Cent, and 

Gray 

Gray Sloth 

in Panama 
(Enders). 
Probably all 
year, mostly 
early in dry 
season 
(Britton) 


months 

S. America 
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MYRMECOPHAGIDAE 


SPECIES 

BREEDING 

SEASON 

NO. 

OF 

YOUNG 

GESTATION 

PERIOD 

HABITAT, 

ETC 

Cyclopes dorsalis 

Gray 

Anteater 

Dec., Jan, 
in Panama 
(Enders) 

I 


Cent, and 
S. America 

Myrmecophaga trldactyla L. 
Giant Anteater 


X 

190 

days 

S. America 


DASYPODIDAE 
Dasypus hybridus Desmarest 
MULITA ARMADILLO 


It is believed that this armadillo, like D. novemcinctus, has a gestation 
period which is prolonged by delayed implantation. In Argentina implanta- 
tion occurs about June i, and birth is in October. The embryos are free for 
at least two months. Polyembryony is the rule, as many as twelve identical 
twins being produced from one ovum (1,2). 

1. Fernandez, M. Morphol. Jahrb., 39: 302-333, 1909. 

2. Hamlett, G, W. D. Quart. Rev. BioL, 10: 432-447, 1935, 


Dasypus novemcmctus L. 

NINE-BANDED ARMADILLO 


This armadillo of southern North America and Central America breeds in 
Texas in July. The cells of the corpus luteum appear to be inactive until im- 
plantation, when secretory droplets appear. Its removal after this time is 
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followed by abortion or resorption of the embryos (i). Implantation is de- 
layed at least 3 weeks ( 2 ) . The fertilized egg divides and the segments sepa- 
rate so that at least 4 identical embryos are produced (polyembryony) . 
Implantation occurs in November and birth early in March (i). 

1. Hamlelt, G, W. D. Quart Rev, BioL, 10: 432-447, 1935. 

2. Patterson, J. T. J. Morphol., 24: 559-684, 1913. 


Other DASYPODIDAE 


SPECIES 

NO, 

OF 

YOUNG 

GESTATION 

PERIOD 

HABITAT, 

ETC. 

Giebel 


^5 

S. America 

Etiphractiis villosus 

Hairy Armadillo 


days 


Tolypeiftes tricincUiS L, 

I 


S, America 

Three-banded Armadillo 






TUBULIDENTATA 

ORYCTEROPODIDAE 
Orycteropus afer Pallas 
AARDVARK 


T he aardvark or ant bear, which inhabits Africa, gives birth to its young 
during the months from May to July (i). 

I. FitzSimons, F. W. The Natural History of South Africa. London, 1919. 
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O UR knowledge of reproduction in the Order Lagomorpha is prac- 
tically confined to the domestic rabbit; hence it is not possible to make 
generalizations. 


OCHOTONIDAE 


SPECIES 

BREEDING 

SEASON 

SEASON 

OF 

BIRTH 

NO. 

OF 

YOUNG 

HABITAT, 

ETC. 

Ochotona daurica 
Pallas 

Dahurian Pika 

Two litters 
a year 

(Loukashkin) 



Manchuria 

0, princeps 
Richardson 

Brown Pika 

Possibly 2 

Utters a 
year 

(Wallace) 

Summer 

usually 

3 

Northern Rocky 
Mountains 

0, schisticeps 
Merriam 

Mountain Cony 



S-A 

Western U.S, 
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LEPORIDAE 
Lepus americanus Erxleben 
SNOWSHOE HARE 


The snowshoe rabbit or hare of North America mates first in March. In 
Manitoba it continues breeding until early June (i), but further south it 
may continue to breed until August (2) . It is polyestrous and reaches puberty 
during the second year of life. The litter varies from i to 7, with a mean 
size of 2.85 and a mode at 3 (3)> but it may have 8 to 10 young in years of 
plague (i). There is a postparturient heat (4), 

The vulva is swollen and red when the female is in heat; the first litter 
is born in Aprils the maximum number of litters are born in May, and the 
season declines in June and July. The gestation period is 38 days. The mating 
season is advanced by at least 30 days if the hares are exposed to 18 hours 
of light a day in winter. Masking the eyes prevents this effect, and transfer 
from 18 to 9 hours of light causes the developing gonads to regress (5). 

When the hare is brown in color there is a large amount of gonadotrophic 
hormones in the blood; when it is white the level is low. The injection of 
gonadotrophic hormones into physiologically white animals caused the hair 
to become much darker and provoked a copious shedding of the winter 
hair (5). 

In January the testes are small and abdominal. They increase in size dur- 
ing February and descend near the end of the month. They reach their 
maximum weight in March and rapidly decrease from July onwards. In 
September their weight is lowest and they return to the abdomen. The penis 
is pale, almost white, in the nonbreeding season. Just before the breeding 
season it becomes red at the tip, and the color soon spreads to the whole penis. 
This organ is pale throughout the first year of life, and the males do not mate 
until their second year (3) . Reduction of the amount of light delays testis 
growth in the spring (5) . 

1. Seton, E. T. Life Histories of North American Animals. New York, 1909. 

2. Hamilton, W. J., Jr, The Mammals of Eastern United States. Ithaca, 1943. 

3. Aldous, C. M. J. Mammalogy, 18: 46-57, 1937. 

4. Severaid, J. H. The Snowshoe Hare, Its Life History and Artificial Propagation. 
Augusta, Me., 1942. 

5. Lyman, C. P, BuL Museum Comp. Zool, Harvard CoHege, 93: 393-461, 1943. 
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Lepus europaeus Pallas 
COMMON HARE 


On the Ciscaucasian steppes the breeding season of the European hare 
lasts from mid-winter until the middle of summer, when drought causes 
its cessation. The average embryo number and litter size in relation to the 
seasons are given as follows (i) : 



Embryos 

Litter size 

Winter 

1.7 

1.5 

Spring 

3-5 

3*3 

Summer 

37 

3 ‘i 

Autumn 

3-0 

2,0 


In England breeding begins in November or December, is at a maximum in 
March, and virtually ceases in July, but litters have been found at all times 
of the year (2). The duration of gestation is given as 30 to 42 days (i). 

1. Kolosov, A. M. ZooL Z. (Mosk.)? 20: 154-172, 1941. 

2, Barrett-Hamilton, G. E. H. A History of British Mammals. London, 1910. 


Oryctolagus cuniculus L. 
DOMESTIC RABBIT 


The rabbit will breed more or less at any time of the year but there are 
no cycles. The female ovulates only after coitus or under strong sexual excite- 
ment. The usual interval between stimulation and ovulation is 10 hours, 
and during the first hour of this period sufficient F.S.H. is released from 
the pituitary to cause the preovulatory ripening of the graafian follicles. 
Follicles reach the estrous stage in waves, and the female may remain in heat 
for a month or more at a time in the absence of the male. If coitus does not 
result in pregnancy, which lasts for 30 to 32 days, corpora liitea are formed 
which last for about 16 days. At the end of this time the doe makes a nest 
by plucking fur from her breast, and her mammary glands are in condition 
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for lactation, just as if she were pregnant. This condition is called pseudo- 
pregnancy. During the lutein phase glandular development in the uterine 
mucosa is very great, so that a transverse section appears like open lace- 
"work. The vaginal smear is not a reliable indication of the reproductive state. 

REPRODUCTION IN GENERAL 

The age of puberty in rabbits is affected by breed differences, but there 
is very little information on this point. It is also affected by the time of birth. 
Does born in the fall reach puberty (fertility) in about 5^/4 months, but 
those born in the spring require about 8% months. They tend to copulate 
I to 2 months before they are capable of ovulation. In England, does kept 
in unheated rooms often experience anestrum from October to March, but 
the tendency is not absolute. The optimum season for reproduction is from 
May to July (i) . In the United States it has been the writer’s experience that 
July to September, when the temperature is high, are the poorest months. 
As does pass into the aiiestrous condition, copulation may occur but graafian 
follicles do not reach the state at which they are capable of rupturing (i). 
During the breeding season, in the absence of the male, the doe remains in 
heat almost indefinitely, and during this time waves of follicles mature, last 
for about 7 to 10 days, and then become atretic (2). If does are kept in 
continuous light or in total darkness, this rhythm of growth is not affected 
except that more large follicles are present in the does kept in the light (3). 
Atresia may be due to degeneration and phagocytosis of the granulosa, with 
fibrotic ingrowth of the theca interna, or to extravasation of blood and the 
formation of blood follicles (4). If coitus is permitted, the mature follicles 
begin to grow by copious secretion of liquor folliculi, and rupture occurs 
about 10 hours afterward (5) . 

The stimulus for this growth is apparently emotional since intense excite- 
ment, such as the act of mounting or being mounted by another doe, evokes 
it and since local anesthesia of the vagina and vulva just before coitus does 
not prevent its occurrence (6). It is due to the release of a gonadotrophic hor- 
mone from the anterior pituitary since removal of that organ within an 
hour post coitum prevents ovulation. If the operation is performed after that 
time, ovulation occurs as usual and corpora lutea are formed. Evidently the 
pituitary releases sufficient hormone in a little more than an hour after 
coitus (7,8). The pituitary may also be caused to release the stimulating hor- 
mones by electrical stimulation of the head or of the lumbar region of the 
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cord) but the action is somewhat slower (9); by the intravenous injection 
of 0*9 to 1. 1 mg. of picrotoxin (a hypothalamic stimulant) per kg. of body 
weight (10); and by salts of copper and cadmium (ii). This stimulus is 
necessary for the formation of corpora lutea since rupture of mature follicles 
by pricking is ineffective (12^13) . 

The ovaries produce corpora lutea with approximately equal frequency; 
a series of records gave 51.4 per cent of corpora lutea in the left ovary (i). 

The fact that ovulation usually occurs only after coitus enabled the pioneer 
worker to differentiate clearly between the estrogen and lutein phases of 
the cycle. Pseudopregnancy^ the condition when sterile coitus, the injection of 
gonadotrophes, or the use of one of the methods described above, has caused 
ovulation and corpus luteum development, lasts normally for 16 to 17 days 
(1,14). But pseudopregnancy in the doe whose uteri have been removed 
lasts from 24 to 29 days (15). The corpora lutea of the cycle in the guinea 
pig similarly treated remain for a much longer period, but those of the rat 
are not prolonged. It is an open question whether removal of the uterus re- 
moves an impulse which normally brings an end to the life of the corpus 
luteum (in contrast to the action during pregnancy), or whether this organ 
uses a substance needed by the corpus luteum. More work is needed on the 
problem. 

The doe rabbit matures follicles and is ready to ovulate immediately after 
the end of pregnancy or of pseudopregnancy (i). 

In order to test the length of life of the ovum by artificial insemination at 
different times, it is necessary to arrange that eggs shall be shed. Thus, in such 
an experiment, sterile coitus with a vasectomized buck is allowed with the 
knowledge that ovulation will occur about 10 hours later. This is a great ad- 
vantage in work of this nature, and also in obtaining dated material for em- 
bryological work. The time of ovulation in the rabbit can be obtained with 
greater accuracy than is possible in any other species. It has been found that, 
after allowing for the time taken by the spermatozoa to reach the top of the 
oviduct, the eggs have a fertile life of not more than 6 hours after ovulation. 
They are capable of being fertilized only while they are in, or as they leave, 
the plug of extruded liquor folliculi at the top of the oviduct. As they move 
down the tube and acquire a layer of albumin, they can no longer be fertilized. 
The percentage of successful inseminations and the litter size decrease at a 
constant rate with inseminations from 5 hours before to 2 hours after ovula- 
tion (16). 

Ova just liberated from the follicles are surrounded by cumulus cells of 
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the stratum granulosa. I£ spermatozoa are present, these cells are dispersed 
by the first ones to penetrate into the mass. This happens normally within 
I to 114 hours after ovulation. I£ spermatozoa are not present, it takes about 
'17 hours for the separation to occur. The passage through the oviduct takes 
about 62 to 82 hours (17). 

The litter size of rabbits varies with the strain or breed. Thus, a fecund 
inbred strain has given a mean litter size of 8.1 ±: .2, with a mode of 9, a 
range of i to 13, and a standard deviation of 2.7; but a strain of small (Polish) 
rabbits gave as mean 4.0 ± a, mode 4, range i to 7, and standard deviation, 
1.54. About 20 per cent of the eggs shed fail to develop to term. This is partly 
due to loss of ova and partly to fetal atrophy (16). The latter is caused in 
large measure by inherited factors acting through the mother (18). The 
mean litter size rises until the doe is at least 3 years old {19). Experimentally 
it is reduced if artificial insemination is performed 24 or more hours be- 
fore (20), or fewer than 5 hours before, ovulation. In the first case too few 
spermatozoa survive, and in the second case too few eggs (16). The sex ratio 
is 53.1 per cent males (21). 

The duration of gestation is usually 30 to 32 days. An extensive series gave 
31.08 ±1 .02 days, standard deviation, 0,83 days; and mode, 31 days (22). It 
is affected by breed: Polish rabbits had a mean gestation of 30.4 days and 
an inbred albino strain, 32.9 days. It does not vary with the season or the 
age of the mother (23) but tends to be higher within the breed when small 
litters are carried (24) . The same is true if the smaller litter is experimentally 
produced (25). 

In a doe which is allowed to become pregnant immediately after parturi- 
tion and which is suckling a large litter, above 3 to 4, implantation is not 
delayed but the embryos die in the blastocyst stage. If smaller litters are 
suckled, the pregnancy continues and lasts the usual time. A suckling doe 
goes out of heat in about a week because of follicular atresia and the loss of 
about half the normal weight of the ovaries. The uteri also atrophy and al- 
most resemble the state found in an ovariectomized doe. New follicles mature 
rapidly after weaning (i). 

HISTOLOGY OF THE FEMALE TRACT 

OVARY, Soon after birth the nests of cells which include the germ cells 
tend to atrophy. They are largely replaced by the production of epithelial 
invaginationsj which begin at about 35 days of age, are at their maximum 
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from 51 to 60 days, and then fall off (26), It is said by some that there are 
further waves of ovogenesis at 8 and 14 months and that at these times the 
amount of interstitial tissue diminishes (27), but these waves are probably 
not so intense as the earlier ones, since others have found little neogenesis 
of ova in mature rabbits. According to the latter workers, atresia of oocytes 
is small, only 10 per cent at any time, although in larger follicles it amounts 
to 60 per cent (28). 

As ovulation can be so easily timed, it has been observed and photographed 
on numerous occasions. The diameter of the mature follicle at coitus is about 
1.5 mm. It is relatively flat and has a bluish tinge. Most growth occurs between 
3 and 6 hours after coitus, and the follicle protrudes slightly from the surface 
of the ovary. At 9 hours the vascularity of the theca increases, and there is 
some slight hypertrophy of the epithelial cells of the theca interna. The first 
sign of approaching ovulation is the gradual formation of the macula pel- 
lucida, a small clear area projecting from the follicle and surrounded by 
'!!!fl!| a network of capillaries. As the macula increases in height the blood vessels 

rupture, and a small blood clot forms below the ultimate point of opening. 
At this time the follicle is about 1.8 mm. in diameter. Rupture and extrusion 
Sj of liquor folliculi and the ovum through a small opening at the apex take 

about 7 seconds. The liquor folliculi does not flow much but forms a small 
cone. The greater part of it remains in the cavity, which does not collapse 
to any great extent. Later, the floor of the follicle approaches the surface so 
that the corpus luteum, with the point, which becomes luteinized, projects 
j. from the surface of the ovary more than the follicle from which it was 

derived (13,29), 

In the ruptured follicle the granulosa cells are nearly all retained, but 
there is rarely any blood clot except near the point of rupture. Hypertrophy 
of these cells and ingrowth of the theca interna begin immediately. By 6 
hours the ingrowth of connective tissue in the form of spindle-shaped theca 
cells is marked, and by the fourth day the central cavity, filled with liquor 
folliculi, has been almost entirely obliterated. By 8 days the lutein cells 
reach their full development, and are about eight times their former diameter. 
The corpora lutea of pregnancy persist throughout gestation and are re- 
absorbed gradually after its termination, but somewhat more rapidly if the 
doe is lactating. Those of pseudopregnancy begin to degenerate at 18 days. 
A visible sign of degeneration is an abrupt change from a pinkish vascular 
state to a chalky yellow avascular one (1,30), 
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The size of the ovum is 123.0 ±: 1.9 [m without, or 188.6 ± 2.0 /a with, 
the zona pellucida (31), a comparatively large size for mammals. 

VAGINA. The vulva of the rabbit in heat is usually purple to reddish pink 
and somewhat swollen. This is a good, but not infallible, sign of heat since 
at other times it is pale. The vaginal epithelium is more or less stratified, 
with many mucous cells, especially near the cervices, and it does not undergo 
characteristic changes with heat. Similarly, smears are not reliable as indica- 
tions of the reproductive state (32,33), a fact which is common in those 
species in which mucous cells are frequent. 

UTERUS. The cervices are not plugged at any time by a seal of mucus. 
The endometrium is very vascular during the follicular phase, but the glands 
are not much developed. In the lutein, or progestational, phase the glands 
undergo marked development. The lumens are much expanded, with the 
result that the appearance resembles that of open lace. During the stage of 
involution, when the corpora lutea are retrogressing, extensive extravasation 
of blood has been described (34) . The uterus is ciliated in a zone extending 
from 1.5 cm. from the os uteri anteriorly. In the region of the cervix ciliation 
is abundant, but this type of epithelium is scanty elsewhere until the tubo- 
uterine junction is reached. Ciliated cells do not vary in number with the 
physiological state of the animal (35). The uterine epithelium is said to 
become a syncytium during the life of the corpus luteum (36). 

The oviduct is ciliated, the tubo-uterine junction has four primary folds 
which project into the uterus, and the muscle forms a slight sphincter. These 
folds are devoid of glands. According to one account it is difficult to force 
fluid from the uterus into the oviduct (37), but another worker found it fairly 
easy (35). Possibly the stage of the ‘‘cycle” influences the ease of passage; 
further work is needed to decide the question. 

PHYSIOLOGY OF THE FEMALE TRACT 

The corpora lutea are essential for the maintenance of pregnancy. Early 
removal by ovariectomy causes reabsorption of the embryos; later, abortion 
is the rule (1,38). It is easy to shell out the corpora lutea, and the question 
arises, How many are needed to maintain pregnancy, and what is their out- 
put of progesterone.? The first question has not yet been answered directly; 
A summary of available information suggests that one corpus luteum is 
necessary to bring about progestational proliferation (the lacelike condition 
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o£ the glands in the uterus), and, as 0.2 mg. daily of progesterone produces the 
same effect in the ovariectomized rabbit, this must be approximately the 
daily output of a corpus luteum (39). It has also been shown that to prolong 
the proliferation for longer than 5 days, more than two corpora lutea are 
necessary, and to sensitize the uterus sufficiendy to produce deciduomata, at 
least four are necessary (40). As 0.5 to 1.0 mg. of progesterone are needed 
to maintain pregnancy, these figures tally very well (39), though it must be 
remembered that smaller litters with fewer corpora lutea are successfully 
brought to term in the normal female. 

Relaxin can be detected in the blood serum as early as 3 days after coitus. 
It increases rapidly from the twelfth to the twenty-fourth day, when it re- 
mains constant for the remainder of pregnancy. It declines rapidly at 
parturition and has practically disappeared within 3 days. At its maximum, 
I G.P. unit is present in o.i cc. of serum. It can also be detected in increasing 
amounts in the urine throughout gestation (41). 

The uterine muscle gives strong, but irregular, contractions when the doe 
is in heat. At 22 hours after ovulation these contractions change rather 
abruptly to small irregular ones, and, instead of being sensitive to pituitrin, 
the muscle becomes insensitive (42) . Removal of the corpora lutea quickly 
restores the sensitivity (43). 

The pituitaries of lo-day-old rabbits contain no gonadotrophic hormone, 
but at 15 and 21 days follicle-stimulating hormone can be detected. At 28 
days luteinizer also is present (4). In view of the fact that coitus causes the 
release of hormones from the pituitary and the ripening of follicles, the 
content of gonadotrophic hormone before and after coitus has attracted much 
attention. Before coitus the rabbit’s pituitary contains about 30 ovulating 
units per gland. Half an hour after coitus this has dropped 80 per cent, and 
after 24 hours it has risen to 1.5 to 5 units (45,46). The ovulating unit used 
here is the amount required to ovulate a rabbit per kg. body weight. Some 
authors have used this term for the amount required to cause ovulation in a 
rabbit weighing about 3 kg. After ovulation the content rises rapidly during 
pseudopregnancy, reaching a maximum of 60 units at 10 days and falling to 
15 at the end. The curve during pregnancy is similar, but the peak is reached 
at 16 days, and the minimum at 25 days (45). The maximum during pseudo- 
pregnancy varies with the season; it is low in fall and winter and high in 
the spring (46). After mating there is a general reduction of the level of hor- 
mones in the pituitary, F.S,H., L.H., thyrotrophic, and adrenotrophic (47), 
but lactogenic hormone does not change (48) . Occasionally a pseudopregnant 
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rabbit will copulate. When this occurs ovulation does not follow and the 
pituitary does not lose gonadotrophic hormone (49). The number of granu- 
lated acidophils and basophils in the pituitary is greatest during heat. It falls 
'rapidly after coitus, the basophilic degranulation being greatest, and then 
rises parallel with the gonadotrophic hormone content (50). Removal of 
the gonads increases the potency of the pituitary, and the effect is more 
marked in the female than in the male. The potency in the female increases 
100 per cent in 3 months, and it is accompanied by a strikingly increased 
basophilia (51). However, another investigation did not record such a great 
increase in potency (52) . 

The estrous rabbit excretes about 5 R.U. of estrogen per liter of urine. 
Excretion rises to a maximum of 25 R.U. at ii to 15 days during pseudo- 
pregnancy, In pregnancy the level at this time is 100 R.U. and a maximum 
of 180 R.U. is reached at 16 to 20 days, after which the amount declines 
rapidly to 10 R.U. at term (53). 

The prolactin content of the pituitary of immature females is 140 B.U. per 
gram of tissue; in the mature female it rises to 420 B.U. (54). In pseudo- 
pregnant rabbits it rises to a peak at 5 days, and if the does are suckling the 
level is 66 per cent higher than if they are not suckling (55) . 

Immature 4-week-old rabbits do not give an ovarian response to pituitary 
hormones (56). In adult rabbits the minimal ovulating dose of anterior 
pituitary extract is o.i R.U., and of prolan, 2.0 R.U,, but in the rabbit hypo- 
physectomized immediately before injection 25 per cent and 50 per cent more 
were needed, respectively. The latter figures should approximate the mini- 
mum amount released from the pituitary after coitus (57). Another report 
gives 5 M.U. of prolan as the optimal ovulating dose in the intact animal (58) . 
During pregnancy 10 R.U. of prolan are needed to cause ovulation. If the 
injection is made at ii days, there is no interruption of pregnancy, but at 
17 days all gestations are interrupted (59). By the injection of prolan (60) 
or anterior pituitary extracts (61,62) toward the end of pseudopregnancy, this 
condition can be greatly prolonged if the injections are properly spaced, 
since new waves of corpora lutea are developed. 

In the mature rabbit superovulation is not produced by the injection of 
P.M.S., probably because the latter causes the immediate rupture of those 
follicles which are already mature and the luteinization of others (63). Super- 
ovulation may be caused in both juvenile and adult does with F.S.H. pre- 
pared by tryptic digestion of anterior pituitary extracts. The number of 
embryos may thus be greatly increased, but few of them survive, with the 
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result that the number alive in late pregnancy is less than usual (64). The 
use of horse pituitary extract, which is very high in has produced 

similar results (65). 

Ovulation after electrical stimulation through the head may be inhibited 
by the injection of 0.5 mg. of estradiol benzoate or id mg. of testosterone 
propionate (66). The injection of 150 R.U. of estrogen daily at 3 to 4 days 
after coitus prevents implantation, although if the injections are delayed to 
5 to 6 days, it is not prevented. Smaller doses at 3 to 4 days reduced the 
number of implantations (67). The activity of the corpus luteum in produc- 
ing glandular hypertrophy is inhibited by the injection of 600 1 .U. of estrogen; 
360 I.U. prevent nidation of the ova, but at 5 to 6 days 720 LU. are needed 
to terminate the pregnancy. From 12 days on, 240 I.U. cause abortion (68). 
If the injection of estrogens is performed within the first 5 days of pseudo- 
pregnancy 1,000 R.U. are needed to terminate this condition, and, since 675 
R.U. suppress the progestational activity of 3 Rab.U. of progesterone, it may 
be concluded that the rabbit produces more than 3 Rab.U. of progesterone 
in the first 5 days of pseudopregnancy (69). 

Uterine motility in the doe in heat is rapidly inhibited by the injection of 
progesterone. It ceases in 4 hours with 0.3 Rab.U., in 2 hours with 0.6 Rab.U., 
and in 55 minutes with 1.2 Rab.U. (70). On the other hand the muscle in 
the ovariectomized doe is quiescent by 2 to 3 days after operation. The in- 
jection of 2 to 5 R.U. of estrogen per kg. of body weight restores the motility 
within 24 hours, but during pseudopregnancy 1,090 R.U. per kg. are in- 
effective (71), This response to estrogen can first be observed 10 hours after 
the injections are made, and the metabolic rate of the tissue rises with the 
restoration of motility. Hyperemia of the vascular bed was maximal within 
30 minutes of injection (72). With the lack of response to pituitrin as a 
criterion of progesterone activity it was found that 5 Rab.U. gave complete 
inhibition, in all cases, whereas less than i Rab.U. never gave complete 
inhibition. Above this minimum the number of rabbits which failed to 
respond to pituitrin gradually increased (73) . 

The pseudopregnant uterine proliferation is maintained by 0.2 to 0.4 
Rab.U. of progesterone daily for the first 6 days, after that 1.5 Rab.U. are 
required daily to ii days. After this time increased dosages did not main- 
tain the proliferation, but if 20 R.U. of estrogen were also injected it was 
maintained. It was also found that in the normal animal the injection of 
estrogens will maintain the pseudopregnant corpora lutea for longer than 
the usual 16 days (69). This work has led to the view that the corpus luteum 
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needs estrogen for its maintenance. It has been found that i ff-g. of estradiol 
will maintain luteal function in rabbits (74) , and that, after removal of the 
gravid horn in unilaterally pregnant rabbits, 3 /tg. of estradiol benzoate a 
"day prevent the involution of the corpora lutea, even beyond the usual 
term (75). This reaction does not depend on the pituitary since almost similar 
doses are effective in the hypophysectomized rabbit (76). It is believed, also, 
that one of tlie functions of the uterus is to produce estrogens, which main- 
tain the corpora lutea during the second half of pregnancy. After hysterectomy 
in the first half of this period, they last for the usual pseudopregnant time; 
but if the operation is performed in the second half they decline precipitously, 
though they are preserved if estrogens are injected (77). 

The blood supply to the uterus is believed to depend to some extent upon 
the acetyl-choline content of the tissue. It rises in the uteri of spayed does 
treated with estrogens, but the rise is transient, lasting only 6 hours or less (78) . 

The injection of large amounts of estrogen causes the tubedocking of ova, 
a condition which also occurs under similar circumstances in the rat. On the 
other hand, the injection of progesterone hastens their passage (79). Our 
knowledge of tubal motility leaves a good deal to be desired. 

Certain data upon the effects of progesterone upon the uterus were given 
in the discussion of the output of the corpus luteum. However, it is known 
that estrogen is equally necessary, as the following results show: A dose of 
0,5 mg. of progesterone twice daily is necessary for implantation after ovari- 
ectomy; after ii days i.o mg. twice daily will carry the pregnancy to term 
(80). According to another account 2,0 I.U. daily are needed from ii to 15 
days, and after that 4.0 I.U. (81), or 5.0 mg. (82); but if a trace (i: 1,600) 
of estrone is added, only 0.5 mg. is needed (83). 

Parturition is delayed if a new set of corpora lutea is caused to develop 
late in pregnancy by the injection of gonadotrophic hormones. The injection 
of 1.5 I.U. of progesterone daily at, and after, the normal time of parturition 
has the same effect. The fetuses continue to grow but do not live beyond 
the thirty-fifth day in utero. Parturition usually becomes abnormal (84). The 
injection of estrogens at the rate of 150 I.U. daily toward the end of pregnancy 
also maintains the corpora lutea and produces the same effect, but i£ the 
doe has been ovariectomized parturition follows despite the injections (85), 

In the hypophysectomized rabbit it has been found that injected pro- 
gesterone and estrogens have the usual effects upon the endometrium, but 
the effect is not so great as in the ovariectomized, injected rabbit whose 
pituitary is intact (86). The same results were obtained with estrogen alone 
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(87) and with progesterone alone (88), although it has also been found that 
a greater amount of progesterone is needed under these conditions to produce 
a given effect (89). Pregnancy may also be prolonged in the hypophysecto^ 
mized rabbit by the combined injection of 1.9 to 2.5 mg. of progesterone 
and 2 /ig, of estradiol benzoate daily (90) . 

The pH of fluids secreted in isolated segments of the uteri of rabbits 
brought into heat by the injection of stilbestrol averaged 7.8, with a range 
from 7.73 to 7.90 (91). 

The dewlap is apparently a secondary sexual character in rabbits as it is 
rarely present in the males, but usually present in the females, of certain 
breeds. Its development may be inhibited or its involution may be caused 
by ovariectomy. In males its development may be induced by the injection of 
estrogens (92). 


THE MALE 

The average ejaculate of the buck rabbit is 0.32 cc. with 200,000,000 sper- 
matozoa per cc. (93). If fewer than 1,000,000 spermatozoa are used at a time 
in artificial insemination, the chance of fertilization is reduced, but if the 
number used is below 10,000, fertilization does not occur at all (94). The 
mean pH of the semen is 7.20 (95). 

There is no compensatory hypertrophy of the testis after unilateral castra- 
tion, and the number of spermatozoa is related to the testis weight. Thus, 
in the animal with one testis only half the usual number of spermatozoa are 
produced (96). 

The spermatozoa pass through the epididymis in 4 to 7 days (96). No 
vaginal plug is formed at copulation. The spermatozoa find their way into 
the uterus by penetration, not by suction or peristalsis (97), but they are 
transported up the uterus to the tubo-uterine junction in a short while, less 
than 5 minutes (98), and this is said to involve peristaltic action (99). 

The amount of testosterone needed to cause a buck castrated early in life 
to copulate is 10 mg. per day (100). 

The normal male pituitary contains more gonadotrophic hormones than 
that of the female; after castration the potency increases 36 per cent in 3 
months, in contrast to the 100 per cent increase recorded for the female (51) . 
The pituitary of the normal male is higher than that of the female in both 
F.S.H, and L.H. content. At 10 days of age there is no gonadotrophic hor- 
mone at all. At 15 to 21 days there is follicle stimulator only, although from 25 



LAGOMORPHA 


203 


days onward both hormones are present (44). The prolactin content of the 
pituitary is increased if estrogen is injected into males, but 5,000 I.U. in- 
jected over a period of 10 days is less effective than 500 or 1,000 I.U. (101). 
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Sylvilagtis floridanus Allen 
EASTERN COTTONTAIL RABBIT 


This rabbit, which lives in North America east o£ the Rocky Mountains, 
is polyestrous and breeds from mid-January into August, though the season 
may be curtailed for a month at either end in the northern part of its range. 
The young reach puberty at 40 weeks, and in the breeding season several 
litters are produced (i). The average litter size is 4.5 (2) ; or 5.0 ±; .13, with 
a range from 2 to 7, and a mode of 4 to 5 (3). The gestation period has been 
observed as 26.5 days (4), but is usually given as 30 days (i). 

The testes enlarge late in December and soon descend. They remain in 
the scrotum until September, at which time they still contain spermatozoa (i) . 

The level of gonadotrophic hormones in the pituitary of the male is at a 
minimum from October to January and at a maximum in March, when it 
is 600 per cent of the minimal level. There is a rapid decrease in early fall. 
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The percentage of basophils rises from 4.4 to 13.8 during the transition from 
the nonbreeding to the breeding state. The weights of the testes, seminal 
vesicles, and prostate make corresponding changes. In the female there are 
no significant seasonal changes in the gonadotrophe level or in basophil num- 
bers (5). 

1. Trippensee, R. E. Proc. North Am. Wildlife Conference, 

2. Hamilton, W. J., Jr. J. Mammalogy, 21; 8-1 1, 1940. 

3. Beule, J. D., and A. T. Studholme. Penn. Game News, 13; 6-7, 28-29, 1942- 

4. Hendrickson, G. O. J. Mammalogy, 24: 273, 1943. 

5. Elder, W. H., and J. C. Finerty. Anat. Rec., 85: 1-16, 1943. 


Sylvilagus transitionalis Bangs 
NEW ENGLAND COTTONTAIL 


This cottontail of the eastern United States has a limited breeding season 
beginning in mid-April. It has 3 to 4 litters a year. When these rabbits were 
treated with artificial light at night, beginning in December, increased sex- 
ual activity was observed in January, 23 days later (i). 

I. Bissonnette, T. H., and A. G. Csech. Biol. Bui., 77: 364-3157, 1939. 


Other LEPORIDAE 


SPECIES 

BREEDING 

SEASON 

SEASON 

OF 

BIRTH 

NO. 

OF 

YOUNG 

GESTATION HABITAT, 
PERIOD ETC. 

Brachylagus idahoensis Probably 2 


5-8 

Idaho, California, 

Merriam 

litters a year 



Oregon, Nevada 

Pygmy Rabbit 

(N.A.F.55) 




Lepus allcni 



Av. 

Southwestern N. 

Mearns 



1-93 

America 

L. arcticus 

Early May 



Hudson Bay, 

Ross 

(Howell) 


usually 

Labrador, New-' 

Arctic hare 




foundland 

L. bairdii 

Late spring, 


2-^ 

Rocky Mountains 

Hayden 

early summer 





(Warren) 
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SPECIES 

BREEDING 

SEASON 

SEASON 

OF 

BIRTH 

NO. 

OF 

YOUNG 

GESTATION HABITAT, 
PERIOD ETC. 

L. californicus 

Gray 

Californian Jack 
Rabbit 

Several 
litters a 
year 

(N.A.R 55) 

Apr.- 

Aug. 

1 - 7 . 

av. 

4.1 


Western N. 
America 

L. campestris 

Bachman 

White-tailed Jack 
Rabbit 

April 

(Seton) 

June to 
early 

July 

usually 

4 


Western N. 
America 

L. capensis L* 

Cape Hare 

Wet season, 

polyestrous 

(Fitzsimons) 


2-5, 

usually 

2 


Cent, and S. 
Africa 

L. hihernicus 

Bell 

Irish Hare 

All year 
(Barrett- 
Hamikon) 

Mostly 

March 

2-^, 

usually 

3 


Ireland 

L. nigricollis 

Cuvier 

Black-naped Hare 

Oct-Feb. 

(Blanford) 


1-2, 

usually 

I 


India 

L. mficaudattis 
Geoffrey 

Common Indian Hare 



I~”2 


India 

L. mxatilis 

Cuvier 

Mountain Hare 

Polyestrous, 

Oct.-Apr, 

(Fitzsimons) 


2-5, 

usually 

2 

About I 
month 

Cent, and S. 
Africa 

L. variabilis 

Pallas 

Varying Hare 

Cycles about 

2 months 
(Heape). Feb. 
onwards 
(Barrett- 
Haniilton) 

1-8 


Northern Europe 

Protiolagus crassi- 
caudatus 

Geoffrey 

Red Rock Hare 


Pregnant 

Jan. 

(Roberts) 

1-2 


Cent, and S. 
Africa 

Sylvilagus aquaticus 
Bachman 

Swamp Rabbit 

Two litters 
a year 
(Hamilton) 


1-6 


South Central U.S. 
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SPECIES 

BREEDING 

SEASON 

SEASON 

OF 

BIRTH 

NO. 

OF 

YOUNG 

GESTATION HABITAT, 
PERIOD ETC. 

S. auduhonti 

Baird 

All year, 
mostly June*- 
Oct, (Ingles; 
N,A.F. 53) 


2 

28-30 

days 

Western N. 
America 

6 ’. gahbci 

Allen 



4 


Cent. America 

5. ntittalli 

Bachman 

Oregon Cottontail 
Rabbit 


Apr.- 

July 

(N.A.F.55) 

3-6 


Northwestern 

U.S. 

S, pahistris 

Bachman 

Marsh Rabbit 

Early Feb., 
Oct., or 
longer 
(Hamilton; 
Tompkins) 


2~5 


Southeastern U.S. 


LAGOMYIDAE 




Lagomys roylei 
Ogilby 

Himalayan Mouse 
Hare 


4 


India, i record 



RODENTIA 


T he rodents comprise a large number of species, and their habits are 
so diverse that it is not surprising to find a variety of reproductive pat- 
terns among them. In many cases it is very difficult to observe their reproduc- 
tion owing to their nocturnal or subterranean habits. 

In the Sciuridae probably most species are polyestrous during the spring 
and summer, with an anestrous period dui'ing hibernation. One species, the 
thirteen-lined ground squirrel, is known to ovulate only after coitus, and 
probably many others have the same habit. Apparently there is no heat or 
ovulation until lactation is finished, and this reduces the possible annual 
number of litters. 

The Geomyidae seem to have a bewildering variety of patterns, even in 
one genus. Some seem to be polyestrous all the year, some are for a limited 
period, and some are said to have only one litter a year. Possibly the habitat 
may have much influence upon their behavior. Many of them live in deserts 
or on their fringes. 

The Heteromyidae are nearly all polyestrous for most o£ the year, but 
reproduction appears to be in abeyance in late summer and fall. 

The Cricetidae and Muridae are alike in being mainly polyestrous all the 
year, especially under laboratory conditions. In the wild, however, litters 
tend to be few in July and August and again in the winter. At the latter 
time the short duration of light appears to be a more injurious factor than 
the lowered temperature. In species such as these, with an intense rate of 
metabolism, food supply is probably a major factor in reproduction. A post- 
parturition heat is the general rule in both families but does not occur in all 
species, even within a genus. This is especially true in Peromyscus. When 
pregnancy occurs at this time and the females are lactating, delayed im- 
plantation and prolongation of gestation is the rule, especially amongst the 
smaller species. If the female does not become pregnant, lactation anestrum 
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is the rule. Ovulation is spontaneous, and the corpus luteum of the cycle 
is nonfunctional, though it is not clear whether this is so in the Gerbillinae. 
Pseudopregnancy has been recorded in both families, but very few species, 
have been investigated to ascertain whether it is general. 

The Caviidae and related families have a longer cycle than the Cricetidae 
and Muridae. Probably in all of them the corpus luteum of the cycle is 
fuiictional, as it is in the guinea pig. All species in which it is known have 
an exceptionally long gestation period for their size. 


ANOMALURIDAE 
Anomalurus fraseri Waterhouse 
SPRING-TAILED SQUIRREL 


This squirrel was found pregnant in the North Cameroons in June and 
July only. It has one young at a time. The penis is surmounted by a cartilagi- 
nous spear, and the vagina of the pregnant female is filled with a hard 

plug (l). 

1 . Sanderson, I. T. Trans. ZooL Soc., London, 24: 623-725, 1938-40. 


Anomalurus pelii Schlegel and S. Muller 
FLYING SQUIRREL. 


This flying squirrel, which inhabits the Gold Coast, bears 2 litters a year, 
one of them in September (i). 


1. Adams, W. H. Proc, Zool. Soc., London, 243-246, 1894. 
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SCIURIDAE 

Citellus beecheyi Richardson 
CALIFORNIAN GROUND SQUIRREL 


The Californian ground squirrel is apparently polyestrous since in southern 
California it breeds at any time of the year. In northern California the breed- 
ing season is from February to mid-April. The testes decrease in size in 
May, and by June they are in the abdomen. They are found to be enlarging 
again in mid-October and are in the scrotum by mid-November. Probably 
each female has but one litter a year. The number of embryos varies from 
4 to 15, and a very extensive series of counts gave a mean of 8.2 (i). 

I. Evans, F, C,, and R. Holdenried. J. Mammalogy, 24: 231-260, 1943. 


Citellus columbianus Ord 
COLUMBIAN GROUND SQUIRREL 


This ground squirrel, which inhabits an area in British Columbia, Alberta, 
Washington, Idaho, and Montana, begins to breed about March 15 to 20 (i). 
Heat lasts 2 to 3 days if the female is unbred, and it returns in 14 to 15 days, 
continuing thus into May, Gestation lasts 23 to 24 days, usually the latter (2). 
The number of young varies from 2 to 7, with 2 to 5 usually, and an average 
of 3.5 (l). 

1. Howell, A. H. Nortli American Fauna, No. 56, 1938. 

2. Shaw, W. T, J, Mammalogy, 6: 106-113, 1925. 


Citellus tridecemlineatus Mitchill 
THIRTEEN-LINED GROUND SQUIRREL 


This common ground squirrel inhabits central North America, It is one 
of the small group of animals known to ovulate only after coitus, but, from 
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their behavior in the field, others of this genus probably fall into this group. 
Owing to the difficulty of keeping it in good reproductive health in the 
laboratory there has been a certain amount of confusion in the record of 
this species, but the main points of interest are now clearly emerging. 

The ovaries begin to hypertrophy about January i, while the females are 
hibernating. Upon their emergence, about the third week in April, these 
organs are fully developed and the females are ready to reproduce. The ac- 
cessory organs follow the ovaries closely in their development. Older animals 
emerge in a more advanced state of reproductive activity than do younger 
ones. No effects upon the female have been observed when light, tempera- 
ture, or diet have been altered in, or before, hibernation. The state of hiberna- 
tion is said to be a prerequisite for reproduction in the female, though not 
in the male (i) . Anestrum lasts from July to April (2) . 

The unbred female experiences persistent heat lasting 2 to 4 weeks; these 
periods recur irregularly at intervals of 2 to 4 weeks. Ovulation does not 
occur in the absence of copulation, but with copulation it takes place after 
an interval of 8 to 12 hours (2) . The act of copulation lasts for 10 minutes (3) . 
The litter size is 5 to 13, usually 6 to 10 (4), and the period of gestation 28 
days (5). There is no postparturition heat (2). In the wild one litter a year 
is born. 


HISTOLOGY OF THE FEMALE TRACT 

During anestrum the ovaries are inactive except that there is a good deal 
of follicular atresia (5) . Some of the corpora lutea from the previous breeding 
season can be seen, but they are in a state of involution. When the females 
emerge from hibernation, the ovaries weigh 3 to 4 times their anestrous 
weight. The diameter of mature follicles at the time of heat is about 0.7 mm. 
During the breeding season the germinal epithelium produces new ova at 
all times in the cycle. The follicular cavity develops as a split between the 
granulosa cells at one side of the follicle. The theca externa and interna 
cannot be distinguished until the follicle is highly cellular (6). 

The vulva enlarges considerably during heat. The vagina is small and 
is closed during anestrum. It enlarges in January and opens in February, 
remaining open throughout the breeding season, until May or June, It con- 
tinues large for some months following parturition (5). During anestrum the 
vaginal epithelium consists of a few layers of small epithelial cells; in pro- 
estrum their number increases. The smear in estrus consists of cornified 
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cells oaly, but in metestrum leucocytes and cornified and small cuboidal 
cells are found (7). 

During anestrum the uterine muscle is thin and inactive; there is a great 
growth in proestrum and during heat (2,5). The cells are low columnar 
or cubical in anestrum and high columnar in heat (5). Glands are scanty 
and nonsecreting in anestrum, and their lumens are small or absent; in 
proestrum new glands appear by invagination of the epithelium (2) , During 
heat they are coiled and are secreting (5) , At ovulation and during metestrum 
the epithelial cells decrease in size, as they are actively secreting, while leu- 
cocytes appear in the stroma and make their way between the cells (2). 

The oviduct is ciliated, with cells 12 to 18 in height during anestrum. 
At the time of heat they have increased to 25 to 30 but again drop to 17 ix 
at 18 to 24 hours postovulation, after which there is a slight increase to 
21 (2). 

The pituitary gland undergoes seasonal variations in weight and in cell 
types. Basophils are larger and more numerous during the breeding season, 
and the granules are also large and numerous. These cells dedifferentiate 
to chromophobes during the summer. There are no sex differences in cell 
population. Gonadectomy increases the proportion of basophils, but this 
effect is prevented or abolished by the injection of gonadic hormones (i). 

The adrenal cortex, mainly the reticular zone, hypertrophies during the 
breeding season and also at other times when the gonads are stimulated 
by gonadotrophes (i). 

PHYSIOLOGY OF THE FEMALE TRACT 

Removal of the ovaries during pregnancy results in resorption of embryos 
or in abortion. Injection of corpus luteum extracts prevents resorption (8). 
Removal of the uterus during the cycle has no effect upon the ovaries (9). 
Gonadectomy during anestrum results in a slightly greater degree of atrophy 
of the accessory organs, so they must secrete a little hormone during this 
time. The ovaries respond to the injection of anterior pituitary extracts at 
any time of the year, and estrogens are effective upon the accessory organs 
of the ovariectomized female at all times (i). 

The anterior pituitary is high in gonadotrophes during the breeding sea- 
son, but they cannot be detected during anestrum. However, gonadectomy 
increases the potency whenever it is performed (i). 

Injection of 100 R.U. of estrogen twice a week for 12 weeks and then three 
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times a week for 4 weeks induced metaplastic changes in the uterine cornua 
and glands and in the urethra (10). 

THE MALE 

The males emerge from hibernation about 2 weeks before the females; 
the testes at this time are large and scrotal and already contain spermatozoa. 
By July I they have declined in size and have returned to the scrotum. Sper- 
matozoa are no longer present, and the accessory organs have regressed (i). 
In the laboratory spermatozoa can be found in the adult testis by December; 
in younger animals they appear in January or February. If breeding males 
are kept at 4° C. through the spring and summer, they do not undergo 
sexual retrogression (ii). 

The pituitary of the male is high in gonadotrophic hormones during the 
breeding season, when spermatozoa are in the testis, and is extremely low 
during anestrum. Bilateral castration and low temperatures prevent the fall 
in potency. In prepuberal males the level is low until a few weeks before 
spermatozoa appear (ii). 

Large doses of male urine, P.U., or P.M.S. injected into hypophysectomized 
males all cause testis enlargement and spermatogenesis. The dose of P,M,S. 
was 20 to 40 R.U. daily, of Antuitrin S (P.U.) it was 25 to 100 R.U. daily. 
The shortest time required to produce spermatozoa was 19 days, the opti- 
mum length of treatment 30 days (12). 

In the normal anestrous male pituitary implants cause descent of the 
testes in the anestrous period (13), but daily injections of 5 R.U. of Antuitrin 
S (P.U.) for 12 to 16 days caused enlargement of the testes, spermatogenesis, 
and development of the accessory organs (14). Spermatogenesis in the ground 
squirrel is more readily induced by gonadotrophes than it is in any other 
animal known. Gonadotrophes in doses as low as 2.5 RU. daily caused some 
stimulation, even early in anestrum. Bull testis extract at the rate of 6 to 12.5 
B.U. daily and male urine at the rate of 6 to 15 BU. had similar effects, in- 
ducing spermatogenesis, but not until late November. The amount of 
androsterone needed was 1.5 mg, daily (15). 

A gonad-stimulating substance is present in the blood serum of the male 
during the breeding season (16) . 

The injection of estrogens inhibits the growth of the testes; in castrates 
it causes growth of connective tissue and muscle in the accessory organs and 
cornification of the glandular tissue (16). 
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The anatomy of the male accessories has been studied in detail. The seminal 
vesicles are large and open separately into the prostatic urethra. The bulbar 
gland is enormous. The urethra is very broad and muscular with about 13 
valvelike folds. The glans penis is broad with a flattened end. It bears hooks 
which are directed backwards from the os penis and which perforate the 
epithelium of the glans (17). 

r. Moore, C. R., G. F. Simmons, L. J, Wells, M. Zalesky, and W. O, Nelson. Anat. 
Rec., 60: 279-289, 1934 * 

2. Foster, M. A. Am. J. Anat, 54: 487-511, 1934. 

3. Wade, O. J. Mammalogy, 8: 269-276, 1927. 

4. Howell, A. H. North American Fauna, No. 56, 1938. 

5. Johnson, G. E., M, A. Foster, and R. M. Coco. Trans. Kansas Acad. Sci., 36; 250- 
269, 1933 - 
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7. Coco, R. M. Proc. Louisiana Acad. Sci., 6: 83-84, 1942. 
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16. Wells, L. J. Anat Rec., 62: 409-447, 1935. 
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Cynomys leucurus Merriam 
PRAIRIE DOG 


This prairie dog o£ the west-central United States is sexually active at 
the age of i year (i). The mating season is from the end of March into 
April and must be of short duration since the reduction of testis size is very 
abrupt in April (2). The uteri have two cervices, and after copulation a 
huge plug forms in them. There is a closure membrane across the vagina 
in the nonbreeding season (i). The ovum is 90 jw. in diameter (3). The gesta- 
tion period is 28 to 32 days. The litter size varies from 2 to 10, with a mode 
at 5 to 6, and mean of 5.5 ± .1 (i). 
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1. Stockard, A. H. Papers of Mich. Acad. Sci., Arts, and Letters, ii: 471-479, 1929. 

2. Stockard, A. H. J. Mammalogy, 10: 209-'2i2, 1929. 

3. Stockard, A. H. Papers of Mich. Acad. Sci., Arts, and Letters, 22; 671-689, 1936. 


Glaucomys volans L, 
FLYING SQUIRREL 


The North American flying squirrel may breed several times a year, 
probably usually twice. Mating begins in late February and early March, 
and it has been observed again in July. The testes descend in late January 
or early February and are retracted in September. The vagina is closed by 
a membrane which opens during heat. At this time the vulva swells to five 
times its former size, and the vaginal epithelium cornifies. In an isolated 
female the vulva remained in a swollen state for 5 days, subsided for ii days, 
and then again became swollen. She did not have another heat until the 
following year. The period of gestation is 40 days, and the litter size i to 4, 
usually 3 to 4, with a mean of 3.1 (i). A compilation of available litter sizes 
gave a mean of 2.93 ±: .13. 

The male has a genital system which is large in proportion to the body 
size. The testes are very large and thick, the seminal vesicles and bulbar 
glands are large, the prostate and Cowper’s glands are very large. The penis 
has a very long, saw-edged baculum 20 mm. in length (2). 

1. Sollberger, D. E. J. Mammalogy, 24: 163-173, 1943. 

2. Mossman, H. W., L. W. Lawlah, and J. A. Bradley. Am, J. Anat., 51: 89-155, 1932. 


Marmota marmota L, 
MARMOT 


This European marmot breeds about April, From the end of August 
onwards the testes are small, and the interstitial cells are laden with yellow- 
brown pigment. In March there is great testis growth, and spermatozoa 
may be found at the end of the month. The interstitial tissue grows and 
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loses its pigment. At the end o£ April spermatogenesis ceases^ but the in- 
terstitial tissue does not regress till July, when the testes return to the abdo- 
men (i). The gestation period is given as 35 to 42 days (2). 

1. Courrier, R. Arch, de Biol, 37: 173 - 334 ^ 1927* 

2. Kenneth, J. H. Gestation Periods. Edinburgh, 1943. 


Marmota monax L. 
WOODCHUCK, GROUND HOG 


The breeding season of this North American marmot is in March and 
April. It breeds at i year of age. The gestation period is 28 days, and the 
average litter size is 4,07. There is practically no difference in the number 
of embryos in each horn of the uterus (i). 

The interstitial cells of the ovary gradually enlarge during winter; after 
hibernation they become 3 to 4 times their original diameter. The maximal 
increase, due mainly to an accumulation of lipid and secretion granules, is 
found in females which do not become pregnant until late in the breeding 
season. The cells retrogress when corpora lutea are present. The latter persist 
for many weeks after parturition, but all have retrogressed by September. 
In the fall a number of fairly large graafian follicles may be observed (2). 

The testes show growth similar to that of the ovaries, but the changes are 
more sudden. The interstitial cells are at a minimum during late summer and 
fall, beginning to decrease in July when the testes retire to the abdomen. 
Free spermatozoa are present by the end of March, and regression sets in at 
the end of April There is a new cycle of activity beginning in May, and the 
testes remain active for another two months. During the quiescent period 
the interstitial cells are laden with pigment, which disappears during the 
breeding season when these cells are at a maximum. The changes are similar 
to those observed in the European M. marmota (3). 

The seminal vesicles have relatively coarse tubules, the bulbar gland is 
small, the penis is short, and the testes are abdominal most of the year (4) . 

1. Hamilton, W. J., Jr. Ann. Carnegie Museum, 23; 85-178, 1934. 

2. Rasmussen, A. T. Endocrinol, 2: 353-404, 1918. 

3. Rasmussen, A. T. Am. J. Anat, 22: 475-515, 1917- 

4. Mossman, H. W.j L, W, Lawlah^ and J. A, Bradley. Am. J. Anat.j 51: 89-155, 193^* 



MAMMALIAN REPRODUCTION 


2lS 


Sciurus caroltncnsis Gmelin 
GRAY SQUIRREL 


This gray squirrel of eastern North America has been introduced to Great 
Britain, where it is now common in the wild state. Most of the work upon 
its reproduction has been done in that country and that work is reviewed 
first. 

This squirrel experiences anestrum from September to January. The young 
seem not to breed during the year in which they are born although adult 
weight is reached in their first fall. They may have a second litter in the 
year; limited evidence suggests two breeding peaks, in March and June, 
and this may be due to two pregnancies. If practically all the females become 
pregnant early in the season, they would be unable to reproduce again until 
the first brood is weaned as there is no postparturient heat (i). 

The ovary does not regress much during anestrum. The number of ripe 
follicles at heat was found to average 4.7 in a limited series, the number of 
corpora lutea of pregnancy, 3.6, and the number of embryos, 3,6. The size 
of the mature follicle is about i.i mm., and that of the corpus luteum of 
pregnancy 1.0 to 1,3 mm. The latter begins to regress at mid-pregnancy, 
The ovum size is 95 There is very little interstitial tissue in the ovary, but 
a large amount of fibrous tissue is present (i). 

The vaginal orifice is closed before puberty and during anestrum. The 
vulva swells during heat and forms a papilla 0.5 cm. wide and i cm. long, 
which probably remains for 2 weeks. During heat the vaginal epithelium 
hypertrophies, cornifies, and sloughs off, followed by an invasion of leu- 
cocytes. A vaginal plug is formed at copulation (i). 

The uterus is bicornuate and the outer coats of the cornua anastamose 
for 0.5 cm. before the fusion of the circular muscle, which is unusually thick. 
During anestrum the stroma is dense and poorly vascularized, the glands 
are few and small, the epithelial cells are 7 to 12 high, and hyalinized blood 
vessels are found in the serosa. During heat all the tissues grow, the stroma 
becomes edematous, and the cell nuclei enlarge. Vascularity increases, the 
epthelial cells increase to 15 to 20 in height, and the lumen fills with fluid. 
In metestrum the endometrium becomes folded, the epithelial cells increase 
further to 25 to 30 /a, and the glands proliferate and become coiled though 
they are not secreting; they open into depressions between the epithelial 
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folds. Changes in the cervix are similar to those in the uterine horns (r). 

The oviduct is 50 to 60 mm. long and is much coiled. Some cilia are found 
during anestrum; during heat they increase in numbers, the epithelium is 
higher, and the interciliary cells are actively secreting (i). 

In Texas there are two principal breeding seasons, in winter and summer. 
The winter season begins in December and the summer one in late May or 
early June. The average litter size is 2.7, range i to 4, usually 2 to 3. The 
period of gestation is about 44 days (2) . In Kentucky the times of breeding 
are similar, with larger litters often in the winter season (3). 

The reduction in testis size is not great in the anestrous period, and the 
testes are readily retractable at any time. The seminal vesicles are relatively 
small, slightly branched, and much coiled; they open into the urethra. The 
prostate and bulbo-urethral glands are large (4). 

In Great Britain there is no true anestrous period in the male. The seminal 
vesicles are bent back upon the prostate. The bulbo-urethral glands are 
spirally wound. The penis is sharply reflexed at the distal end. There is no 
fat accumulation in the interstitial cells of the testis (5). 

1. Deanslcy, R., and A. S. Parkes. Trans. Roy. Soc., London, 222B: 47-78, 1933. 

2. Goodrum, P. D. Texas Agric. Exp. Sta., Bui. 591, 1940. 

3. Hibbard, C. W. J. Mammalogy, 16; 325-326, 1935. 

4. Mossman, H. W., L. W. Lawlah, and J. A. Bradley. Am. J. Anat., 51; 89-155, 1932. 

5. Allanson, M. Trans. Roy. Soc., London, 222B: 79-96, 1933. 


Sciurus (Tamiasciurus) hudsonkus Erxleben 
AMERICAN RED SQUIRREL 


The red squirrel ranges from the Rocky Mountains of North America 
eastwards. In Manitoba it mates in late March and early April and has one 
litter annually (i). In the East it has a second litter in August or September, 
The litter size is 3 to 6, and gestation lasts about 40 days (2), Embryo counts 
gave an average of 4^2 (3). 

The female has an unusually long, coiled vagina during heat. In the male 
Cowper’s glands are minute and open to the urethra in the bulb without 
a penile duct. There is no bulbo-urethral gland. The seminal vesicles are 
excessively large. The penis is long and filiform, without a baculum. The 
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urethra has a diverticulum in the bulbar region (4). The testes descend in 
January, but there are no spermatozoa in the epididymis until January 20. 
They decrease in size in June but may enlarge again in July. Spermatozoa 
are still present in September and October (3) . 

1. Seton, E. T. Life Histories of North American Animals. New York, 1909. 

2. Hamilton, W. J., Jr. The Mammals of Eastern United States. Ithaca, 1943. 

3. Hamilton, W. J., Jr. Am. Midland Nat., 22 : 732-745, 1939. 

4. Mossman, H. W., L. W. Lawlah, and }. A. Bradley, Am. J. Anat., 51: 89-155, 1932. 


Sciurus niger L. 
FOX SQUIRREL 


The fox squirrel in Michigan has a breeding season which begins in late 
December and early January. After a decline there is some breeding in 
March to May. It increases in June and again falls oflE in July. Two litters 
a year seem to be the rule, and young born in the spring usually reproduce 
for the first time in late winter, when they are about ii months of age. Those 
which are born in summer do not breed until the following spring or 
summer (i). 

The litter size, a combination of embryo counts, number of young in 
nests, and number of placental sites, is 3.02 it .07; mode, 3; and range, i to 
6. The gestation period is believed to be about 45 days (i). 

I. Allen, D, L, Game Division Publication 100. Department of Conservation, Mich- 
igan. 


Sciurus vulgaris L. 
EUROPEAN RED SQUIRREL 


In Russia the breeding seasons of the red squirrel are from January to 
March and from mid-May to June, but in the South four ovulations a year 
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may occur, extending the breeding season through March and April and 
occasionally into August and September. The inference may be drawn that 
this species is polyestrous under favorable conditions (i). In England preg- 
nant females have been found in every month from December to July, but 
in August most of the females taken indicated by the state of the reproductive 
tract that anestrum was approaching (2). Puberty is reached at 11 to 12 
months of age, and the gestation period is 32 to 40 days (i). 

Sexually active males are found in England from November to July in- 
clusive, possibly longer (2) . 

1, Labacev, S. V. Zool. Z. (Mosk.), 13; 280-291, 1934. 

2 . Rowlands, I. W. Proc. ZooL Soc., London, 108B: 441-443, 1938. 


Tatnias striatus L. 
EASTERN CHIPMUNK 


The chipmunk is probably polyestrous; it breeds from March onward^ and 
young born late in the previous season may mate and produce young in 
July and August. The number of young is 3 to 5, and the gestation period, 
31 days (i). In some districts the litter size may be higher, as an average 
of 5.02 has been reported (2). Puberty is reached at the age of 2% to 3 
months (3). 

The oviduct enters the uterus at an angle of 120 degrees. The tubo-uterine 
junction has a thick mucous membrane, especially on the uterine side, which 
is extended as a flap. Muscular development in this region is slight (4). 

The males are producing spermatozoa by February (2), and the testes are 
abdominal in the nonbreeding season. The seminal vesicles are relatively 
large, the prostate small and more egg-shaped than in the true squirrels. It has 
a prominent reservoir portion. The bulbo-urethral glands are small, and the 
bulbar glands are without an intermediate portion (5). 

1. Hamilton, W. J., Jr. The Mammals of Eastern United States, Ithaca, 1943. 

2. Condrin, J. M. J. Mammalog}^, 17: 231-235, 1936. 

3. Burt, W. FI. Univ. Michigan Misc. Publ., No. 45, 1940. 

4. Andersen, D. H. Am. J. Anat., 42: 255-305, 1928. 

5. Mossman, H. W., L. W. Lawlah, and J. A. Bradley. Am. J. Anat, 51; 89-155, 1932. 
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Other SCIURIDAE 


SPECIES 

BREEDING 

SEASON 

NO. 

OF 

YOUNG 

GESTATION HABITAT, 
PERIOD ETC. 

Citellus heldingi 
Merriam 

One litter a 
year, born 

Apr. I0“20 
(N.A.F. 56). 

Born June in 
oregonus subsp. 

(N.A.F.55) 

4-12, 
av. 8 

Oregon, Nevada, Cali- 
fornia 

C. citellus L. 

Suslik 



25 

days 

C. franl(linn 

Sabine 

One litter a 
year, mates 
mid-May 
(Seton) 

4-10 

Great Plains of N. 
America 

C, harnsti 

Audubon and 
Bachman 

Antelope Squirrel 

Mid-Jan.- 

Mar. 

(N.A.F. 55) 

6 

Arizona and northern 
Mexico 

C, tdahoensls 

Merriam 

March 
(N.A.F. 56) 

8-10 

Snake River Valley, 
Idaho 

C. lateralis 

Say 

Mantled Ground 
Squirrel 

One litter a 
year, May-July 
(N.A.F.53, 56) 

2-8 

Western N. America 

C. leucurus 

Merriam 

Antelope Squiri'el 

Early Apr., 
second litter 

July (N.A.R 

53) 

6-8 

California and neigh- 
boring states 

C. mohavensis 
Merriam 

Mohave Ground 
Squirrel 

Early to mid- 

March 

(N,A.F.56) 

6 

Mohave region of Cali- 
fornia. I record 

C* parryii 

Richardson 

Parry's Ground 
Squirrel 

Born mid-May 
to early July 
(N,A.F. 5 ( 5 ) 

5-7 

Arctic N, America 
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Other SCIURIDAE {Continued) 


SPECIES 

BREEDING 

SEASON 

GESTATION HABITAT, 

YOUNG 

C. rkhardsomi 

Sabine 

Yellow Ground 
Squirrel 

One litter a 
year, male mid- 
Apr, (Seton) 

2-1 1, 

varies from 
year to year, 
mode 6 

28- 

32 

days 

S.W. Canada and 
northwestern U.S. 

C. spilosoma 

Bennett 

Spotted Ground 
Squirrel 

Two litters a 
year (Davis and 
Robertson) 

5-8, 

mode 6-7 


Western N. America 

C. tereticaudus 

Baird 

Ring^aiied Ground 
Squirrel 

May have 2 
litters a year, 
born March- 
Apr. (N.A.F. 

56) 

5-12 


Extreme southwestern 
U.S. and N.W. Mexico 

C. townsendii 

Bachman 

One litter a 
year, breeds 
March-Apr. 
(Davis) 

4-16, 
av. 8.6, 
mode 8-10, 
mean 9.5 rb 

.1 


Washington, Idaho, 
Nevada, W. Utah 

C, variegatus 

Erxleben 

Mexican Rock 

Squirrel 

May-June, 
Aug.-Sept, 
probably 2 
litters a year 
(N.A.F.53) 

5~7 


Southwestern U.S, and 
Mexico 

C. washingtoni 

Howell 

Mate early 

Feb. 

(Scheifer) 

5-n, 
av. 8,0 


Washington, W. Idaho 

Cynomys gunnisoni 
Baird 

Prairie Dog 

Apr.-May 

(Mearns) 

bo 


Southwestern U.S. 

C, ludovicianus 

Ord 

Plainjr Prairie Dog 

Born May-Juiy, 2-10, 

begins to breed mode 5, mean 

Feb. in Kansas 5.0 rfc .16 
(Wade) 

Cent, and southwestern 
N. America 

Eutamias amoenus 
Allen 

Chipmunk 

Born Apr.-July 
(N.A.F. 55) 

4-5 


Western H America 
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SPECIES 

BREEDING 

SEASON 

NO. ^ 
OF 

YOUNG 

GESTATION HABITAT, 
PERIOD ETC. 

E. cinericollu 

Allen 

Gray-collared 

Chipmunk 

Probably i litter 
a year, born 
June~July 
(N.A.F. 53; 
Mearns) 

3“5 


Southwestern U.S. 

E. dorsalis 

Baird 

Cliff Chipmunk 

Two litters a 
year (N.A.F, 

53), born July 
(Mearns) 

2-8 


Utah and New Mexico 

E. merriami 

Allen 

Born May to 
early June (Mearns) 


S. California and N. 
Mexico 

E. minimtis 

Bachman 

Little Chipmunk 

Born early 

May to June 
(N.A.F.55) 

4~7 


West-central U.S. 

E, quadrimaculatus 

Gray 

Born May 
(Ross) 


31 

days 

California 

E. quadt'ivattus 

Say 

Long-tailed Chipmunk 

Mate Apr,, i 2S 

litter a year, or 

2 in favored districts 

(N.A.F.53) 


South-central U.S. 

Bachman 

E, townsendii 

Mate March-^Apr., 
born May-June 
(N.A.F.55) 

4S 


Western U.S. 

Geosciurus inauris 
Zimmermann 

South African 

Ground Squirrel 

Breeds twice 
a year 

2 - 4 ), 

usually 

4 


S. Africa. Puberty at 6 
months (Powell) 

GlaucQ77tys sahrinus 
Shaw 

Flying Squirrel 

Probably 2 
litters a year 
(Hamilton) ; 

I in north 
(Cowan). Mate 
late winter 
(Hamilton) 

2 -~ 6 , 

usually 

4 


Canada and nortiiern 

as. 
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Other SCIURIDAE {Continued) 


SPECIES 

BREEDING 

SEASON 

NO. 

OF 

YOUNG 

GESTATION HABITAT, 
PERIOD ETC. 

Marmota caligata 
Eschscholtz 

Woodchuck 


5 

Northwestern N. Amer- 
ica. I record 

"M. flaviventris 

Audubon and 

Bachman 

Mate March, 
born May 

(N.A.F.55) 

'8 

Western N. America. 
I record 

Microscmrus alfari 
Allen 

Pygmy Squirrel 

Apr.-June 

(Enders) 


Cent, America 

Paraxertis cepapi 

A. Smith 

Gray-footed Bush 
Squirrel 


2-4 

Cent, and S. Africa 

P, ochraceus 

Huet 

Bush Squirrel 

Nov.-Dee, 

(Abbott) 

2 

Kenya and Tanganyika 

Pteromys tnagtnficus 
Hodgson 

Hodgson’s Flying 
Squirrel 

Breeds in rains 
(Blanford) 

I 

India 

Scitirtis abcrti 
Woodhouse 

Abert’s Squirrel 

More than i 
litter a year 
(N.A.F. 53), 
May-Aug. 
(Mearns) 

3-4 

Southwestern N. Amer- 
ica 

S. apache 

Alien 


3 

Mexico. I record 

S. caniceps 

Gray 

Golden-backed 

Squirrel 

Spring 

(Blanford) 

I 

India 

5 . deppei 

Peters 

> 

3 

Mexico and Cent. 
America, i record 
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SPECIES 

BREEDING 

SEASON 

NO. 

OF 

YOUNG 

GESTATION HABITAT, 
PERIOD ETC. 

S, douglasii 

Bachman 

Orange-'beilied 

Chickaree 

Season irregular 

(N.A.F.55) 

4~7i 

usually 

4 


Western N. America 

5. fremonti 

Audubon and 
Bachman 

Chickaree 

Born spring to 
early summer; 

I litter a year 
(N.A.F. 53) 

1-4 


Rocky Mountains 

S. gerrardi 

Gray 

Breed May 
(Enders) 

usually 

2 


Panama 

S. griseus 

Ord 

Born Jan.-Fcb. 
in Oregon; 
May-June, 
Mexican border 
(N.A.F. 55; 
Mearns) 

4 


Western N. America 

S, ko§manni 

Peters 


3 


Cent America, i rec- 
ord (Enders) 

iS. {Ftmambulus) 
paltnarutn L. 

Palm Squirrel 


2-4 


India 

MUSCARDINIDAE 

SPECIES 

BREEDING 

SEASON 

GESTATION HABITAT, 

PERIOD PTr 

YOUNG 

ClavigUs kpUeni 
Reuvens 

Tree Dormouse 


2,5 


S.W. Africa. 2 records 
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MUSCARDINIDAE {Continued) 


SPECIES 

BREEDING 

SEASON 

^ GESTATION 
PERIOD 

YOUNG 

HABITAT, 

ETC. 

C. wttrinus 

Desmarest 

Cape Dormouse 

Short breeding 
season at mid- 
summer, Dec.- 
Jan. (Fkz- 
simoiis) 

4-5 


Cent, and S. Africa 

C, nanus 

De Winton 


4 


Rhodesia, i record 

Eliomys quercintts L. 
Dormouse 

Polyestrous, 
cycle about lo 
days (Lataste) 


22 

days 

Europe. Copulation 
plug formed 

Muscardintis 
amllanarkts L. 
Common Dormouse 

Polyestrous (?)j 
May-Oct. 
(Barrett- 
Hamiiton) 

2~7 

21 

days 

N. Europe 


GEOMYIDAE 
Geomys bursarius Shaw 
POCKET GOPHER 


This pocket gopher of North America has one litter a year in the wild 
state, and the young are born in March and April. The litter size varies from 
I to 6, mean 3.8, and mode 4 (i). 

The oviduct is somewhat peculiar; the isthmus is very sharply and regularly 
coiled, forming a conical mass with its apex at the junction with the ampulla. 
It is very muscular. The ovaries are not encapsulated. The uterine horns are 
relatively short and thick, and are fused externally for 1.5 cm. above the two 
cervices (2). The theca interna is very thick, and the type of cells suggests 
that it is an endocrine gland. It reaches its greatest development during 
proestrum and heat. After ovulation it rapidly degenerates and takes no 
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part in the formation of the corpus luteum^ though it does form interstitial 
cells* It seems to be the only source of the latter (3). 

In castrated and normal males the injection of ovarian extracts (relaxin) 
causes the symphysis pubis to be reabsorbed. Testis grafts into ovariectoniized 
females prevent resorption of the calcium in the pubic bones (4) , 

1. Scheffer, T. H. Kansas Agric. Exp. Sta., Bui. 152, 1908. 

2. Mossman, H. W., and F. L. Hisaw. Am. J. Anat, 66: 367-391, 1940. 

3. Mossman, H. W. Am. J. Anat., 61: 289-319, 1937. 

4. Hisaw, F. L. J. Exp. Zool., 42: 411-441, 1925. 


Other GEOMYIDAE 


SPECIES 

BREEDING 

SEASON 

NO, 

OF 

YOUNG 

GESTATION HABITAT, 
PERIOD ETC. 

Cratogeofnys castanops 
Baird 

Chestnut-faced 

Pocket Gopher 


3 

South-central N. 
America. 1 record 

Geo my s hret/iceps 

Baird 

One litter a 
year. March- 
May (English) 

1-3, 
av. 2.36 

South-central N, 
America 

G, ft or id anus 

Audubon and 

Bachman 

Southern Pocket 

Gopher 

One Utter a 

year 

(Hamilton) 

3-4 


Thomomys bottae 
Eydoux and Gervais 
Pocket Gopher 

Polyestrous, 
early March 
onwards 
(Scheffer) 

■ Av. 
5.85 

California 

T. bulbivorus 
Richardson 

One litter a 
year. March- 
July (Scheffer, 
Wight) 

5-9, 

usually 5, 
av, 4.2 

Oregon 

T. douglasii 

Richardson 

Feb.-March, 
testes regress- 
ing in May 
(Scheffer) 

Av. 5,0 

Washington, Oregon 
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SPECIES 

BREEDING 

SEASON 

NO 

GESTATION HABITAT, 

YOUNG 

T. fossor 

Allen 

Born May-JunCj 
r litter a year 

(N.A.F. 53) 

' 4 


Central N, America 

T, fulvus 
Woodhouse 

One litter a 
year (N.A.F. 
53) ; most o£ 
year (Alcomb) 

av. 3.8 


Central and south- 
western N. America 

T. fuscus 

Merriam 

Polyestrous, 
spring and 
summer 

(N.A.F.55) 

Av. 6.3 


Western N. America 

T. monticola 

Allen 

Polyestrous, 
spring and 
summer 

(N.A.F.55) 




T. ocius 

Merriam 


6-7 


Wyoming, Colorado, 
Utah 

T. perpallidus 
Merriam 

Polyestrous, all 
year (ScheBFer) 

Av. 3.9 


Southwestern U.S. 

T. qtmdratus 
Merriam 

March on, at 
least 2 litters a 
year in quick 
succession 
(Wight) 

embryos 
usually 6-7; 
young found 
usually 2-3 

40 

days 

Northwestern U.S. 

T. talpoides 
Richardson 

One litter a 
year, born June 
(Griddle) 

av, 3.0 
zb .24 


Central N. America 

T. townsendii 
Bachman 

Polyestrous, 

spring-summer 

(Horn) 

6-7 usual, 
av. 6.8 


Western N. America 

T. umbrinus 
Richardson 




Mexico 
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HETEROMYIDAE 


SPECIES 

BREEDING 

SEASON 

NO. 

OF 

YOUNG 

HABITAT, 

ETC. 

Dipodomys hermannii 
Le Conte 

Kangaroo Rat 

Feb.-Aug. 

(Jappe) 

2-4, 
mode 4 

California 

D. in gens 

Merriam 

Giant Kangaroo Rat 

Jan.-May 

(Grinell) 

5-6 

California 

D. merriami 

Mearns 

Poiyestrous 

(Alcorn) 

2 - 4 > 
av. 3.1 

Southwestern N. 
America 

D, microps 

Merriam 

Spring and fall 
(Duke) 

2-4 

Western U.S. 

D. ordii 

Woodhouse 

Probably poiy- 
estrous, young 
spring-fall 
(Warren, 

Alcorn) 

av. 3.6 

Central and Western 
N. America 

-D. spectahilis 

Merriam 

Jan.-Aug., 
mostly April 
(Duke) 

1 - 3 . 

mode 2, 
av. 1.81 
c±:.04 

Southwestern N. 
America. A copulation 
plug is formed 
(Vorhies and Taylor) 

Heteromys 

desmarestianus 

Gray 


3-5 

Mexico and Cent 
America (Enders) 

H. gmmeri 

Allen and Chapman 


2 

Mexico. X record 

Microdipodomys 

megaccphdus 

Merriam 

Pygmy Kangaroo Rat 

Probably poiy- 
estrous, most 
born May-June 
(Hall and Lins- 
dale) 

1-6, 
av. 4.0 

Nevada, Oregon 

Perognathus jasciatus 
Wied 

Pocket Mouse 

Spring-summer, 
probably i litter 
a year (N. A.F. 

49) 

4-^ 

Central U.S. 
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HETEROMYIDAE {Continued) 


SPECIES 

BREEDING 

SEASON 

NO. 

OF 

YOUNG 

HABITAT, 

ETC. 

p. flavescens 
Merriam 


4 

Central U.S. 

P. flavtis 

Probably poly- 

2-6 

Central and south- 

Baird 

estrous (N.A.F 

53) 


western N. America 

P. fonnosus 

Merriam 


4 

Utah. I record 

P. hispid us 

Baird 


5 

Central and south- 
western N. America. 
I record 

P. lordi 

Probably poly- 


■Western N, America 

Gray 

estrous, early 

May~Aug. 

(Scheffer) 

usually 

4~5; mean 

5.1 rtr a 


P, nemdensis 
Merriam 


3-4 

Nevada, Oregon, and 
Utah. 2 records 

P. part/us 

Peale 

Summer 

(N.A.F.55) 

3-6 

Western N. America 


CASTDRIDAE 
Castor canadensis Kuhl 
BEAVER 


There is little accurate knowledge of the breeding of the beaver, mainly 
because of its aquatic habitat. Mating usually occurs in January and February, 
and there is one litter a year, born in April and May, Puberty is at 2 years 
of age (1). The number of young born is usually 3 to 4, but it varies from 
I to 6. Embryo counts fronf various sources have given i to 8, average 
3.68 dr .12, mode 4. Gestation has been variously stated to be from 42 to 128 
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days, with most authorities giving “about 3 months/’ A pair seen copulating 
gave a probable observed gestation period of 128 days (2). The sex ratio 
of embryos is approximately equal, 24 males to 22 females (3) . 

1. Seton, E. T. Life Histories of North American Animals. New York, 1909. 

2. Bradt, G. \V. J. Mammalogy, 20: 486-489, 1939. 

3. Bradl, G. W. J. Mammalogy, 19; 139-162, 1938. 


CRICETIDAE 

CRICETINAE 

Cricetulus griseus Milne-Edwards 
CHINESE HAMSTER 


The estrous cycle of the Chinese hamster lasts for 4 days, with an average 
of 4.3 ± ,08 days, and there is no restricted breeding season. The vaginal 
smear resembles that of the rat and mouse, but the stages are more definite. 
Epithelial cells are present for 2 to 3 days, nucleated epithelial cells only for 
less than i day, and cornified cells for 1% to 2 days, with ovulation toward 
the end of this stage. The proestrous stage lasts 14 day, estrus 1% days, and 
diestrum or metestrum 2% days. Ovulation is spontaneous, and the corpus 
luteum suffers a precipitous decline after 2 days of diestrum, in contrast to 
the condition in the rat and mouse. The mature follicle measures 0.45 mm. 
in diameter (i). It seems not to have been determined whether the corpora 
lutea would persist and pseudopregnancy result if sterile copulation were 
permitted. This would be interesting to know in view of the decline of the 
corpus luteum, and it would probably occur as it does in the similar type of 
cycle recorded for Cricetas auratus. 

The ovaries resemble those of the rat and mouse. They are bean shaped 
and are completely enclosed within a fibrous capsule. The oviduct is long 
and much coiled. The uterus is bicornuate, and the horns fuse just above 
the cervix. The clitoris is large and it is perforated by the urethra (i). 

During diestrum the uterine mucosa has a low columnar epithelium, leuco- 
cytes are present in the stroma, and the glands are inactive. In proestrum 
the epithelium is the same as in diestrum, but no leucocytes can be found 
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and the glands are secreting. In estrus the epithelial cells are tall and ap- 
parently pseudostratified. The glands are emptying, and, toward the end 
o£ this stage, leucocytes make their way into the stroma (i). 

In some specimens sent from China a series of large glandular bodies about 
1.5 to 2.0 mm. in diameter were present in the uterus on the mesometrial 
side. From 8 to 10 were found in each cornu, and as they closely resemble 
corpora lutea it is believed that they may have a glandular function (i). 

I. Parkes, A. S. Proc. Roy. Soc., 108B: 138-147, 1931. 


Cricetus anratus Waterhouse 
GOLDEN HAMSTER 


The Syrian hamster first comes in heat at 7 to 8 weeks of age (i) or at 
a weight of about 60 g. The females are polyestrous and come in heat at 
any time of the year, though pregnancies are infrequent from October to 
March. The failure in reproduction seems to be due to the male rather than 
to the female, and better reproduction can be obtained during the winter 
by exposing the animals to an increased amount of light. The estrous cycle 
lasts for 4 days with little variation, but a mated female which does not be- 
come pregnant experiences pseudopregnancy which lasts 7 to 13 days, usually 

9 to 10 days, mean 9.6 ±: ,2 days. Mating is nocturnal and usually occurs after 

10 p.M, (i), or 8 p.M. (2), but it is also frequent before 9 a.m. (3), Ovulation 
is usually a few hours later. The bicornuate copulation plug is extruded 
rather soon, as a rule. There is no postparturient heat or ovulation, and, if 
the female is lactating, heat does not occur during this time. The litter size 
varies from 1 to 12 (4) with 6 to 7 as the modal size (i) . Few females have 
more than 3 to 4 litters; subsequently they usually abort or do not become 
pregnant although they may come in heat regularly. The period of gestation 
is 16 days (4), though it may last as long as 19 days (5). The sex ratio is 
54.7 per cent males (i). 

The ovaries are small and completely encapsulated. The ovum is 60 to 63 /a 
in diameter and the ripe follicle, 690 to 780 At heat the theca interna be- 
comes very congested, and 10 to 13 follicles usually rupture at this time. The 
corpora lutea develop rapidly, and those of the normal cycle decline precipi- 
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tously after about 3 days, in contrast to the condition in rats and mice. In 
this type of corpus luteum, which appears to be nonfunctional, the lutein 
cells do not increase much in size. In the pseudopregnant corpus luteum 
the lutein cells are larger and vascularization is much greater. Regression 
sets in at 7 days. There are differences in the sizes of the various types of 
corpora lutea: 

Size of corpus luteum of cycle 700 M 

Size of corpus luteum of pseudopregnancy 820-860 M 
Size of corpus luteum of pregnancy 900-1,000 M 

Regression of the corpus luteum of pregnancy is rapid after parturition (4) . 

The vagina may be divided into two parts, that comprising i cm. from 
the vulva, and the upper portion. The lower portion is continually growing 
cornified cells, which fill two lateral ventral pouches. If the region is squeezed, 
these cells may be extruded as two leaflike processes at any time of the cycle. 
Accordingly, the vaginal smear is not a good indication of the reproductive 
state. The epithelium of the upper vagina contains many mucous cells which 
are shed in large numbers after heat. In this region there are remarkable 
epithelial growths during heat. These consist of epithelial villi with 3 to 8 
layers of cornified cells covered with irregular foliations of epithelial cells 
with oval nuclei. After ovulation these masses are shed and polymorphs in- 
vade the region. After mating the desquamated area regenerates and be- 
comes covered with columnar cells which mucify (4) . 

Others have found that the smear carefully taken from the upper vagina 
is a reliable indication of heat. The proestrous smear consists of a few small 
cornified cells with a very few leucocytes. This changes to a few small corni- 
fied cells during heat, and it is followed by an invasion of leucocytes to- 
gether with nucleated epithelial cells. The smear between heats is abundant, 
and it consists mostly of nucleated epithelial cells and leucocytes with a few 
large cornified cells (2). The evening before heat and on the day of heat 
the smear is sticky, changing to waxy. (3). 

The oviducts and uterus resemble those of the rat and mouse in their 
reactions (4). 

Ovariectomy between ii and 13 days of pregnancy results in abortion. 
Progesterone alone fails to continue the gestation, but if estrogen is given 
simultaneously it goes on to term. If the uterus is removed from the eighth 
to the thirteenth day of pregnancy, estrous cycles are resumed, but if the 
embryos only are removed and the placentae retained, cycles are inhibited (6) . 



RODENTIA 


235 

If estrogens are injected into the spayed female, completely cornified 
vaginal smears are produced, a condition never found in the normal female 
(but see above for conditions in the upper vagina). Progesterone has very 
little effect upon uterine histology (7) . 

1. Bruce, H. M., and E. Hindle. Proc. Zool. Soc., London, 361-366, 1934. 

2 . Sheehan, J. F., and J. A. Bruner. Turtox News, 23: 65-78, 1945. 

3. Ward, M. Personal communication. 

4. Deansley, R. Proc. Zool Soc., London, 108 A: 31--37, 1938. 

5. Ben Menahem, H. Arch. Inst. Pasteur, Algiers, 12: 403-407, 1934. 

6. Klein, M, Proc. Roy. Soc., London, 125B: 348-364, 1938, 

7. Peczenik, O. J. Endocrinol, 3: 153-163, 1943-44. 


Neotoma fuscipes Baird 
WOOD RAT 


This wood rat has a wide range in the mountains and valleys of the western 
United States, and the differences in climate which it encounters may explain 
some of the discrepancies reported in its reproduction. 

The females are probably polyestrous (i). The testes enlarge in December 
(a), or from January to March, but there is a little breeding in July and 
August (3). No vaginal plug is produced after mating, and in two cases 
the duration of gestation was 33 days (2) . The number of embryos, compiled 
from several sources, is usually 2 to 3, with a range of 2 to 4 and a mean of 
2.68 ±: .08. 

1. Warren, E. R. J. Mammalogy, 7: 97-101, 1926. 

2 . Wood, F. D. J. Mammalogy, 16: 105-109, 1935. 

3. Vestal, E. H. J. Mammalogy, 19: 1-36, 1938. 


Oryzomys palustris Harlan 

RICE RAT 


The rice rat of the eastern United States is polyestrous and breeds from 
February to November, The female reaches puberty when 50 days old. The 
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litter varies from i to 5 with an average of 3.0. The gestation period is 25 
daysj and the female mates immediately after parturition. Young females 
have smaller litters than older ones (i). 

I. Svihia, A. J. Mammalogy, 12: 238'"242, 1931. 


PeromyscHS boylii Baird 
WHITE-FOOTED MOUSE 


This white-footed mouse which lives in western North America is poly- 
estrous (i). In low country it breeds all the year, but high on the coast range 
the young are not born until May (2). The age at first heat is 50.9 ±: 1.9 
days (3). The litter size is 2 to 4, usually 3, and the mean is 3.0 ±: .13. 

r. Bailey, V. North American Fauna, No. 53, 1931. 

2. Mearns, E. A. U.S. National Museum, Bui. 56, 1907. 

3. Clark, F. H. J. Mammalogy, 19: 230-234, 1938. 


Per omy sens calif ornicus Gamble 

This mouse is polyestrous and has no heat immediately after parturition, 
thus differing from most other species of the genus. The mean litter size 
is 1.87 ±.09, with a range of i to 3. The mean gestation period is 23.6 with 
a range of 21 to 25 days (i). 

I. Svihia, A. Univ, of Michigan, Museum of ZooL, Misc. Publ. No. 24, 1932. 


Peromyscus eremicus Baird 
DESERT PEROMYSCUS 


This mouse is polyestrous and experiences no heat immediately after 
parturition. One gestation has been observed and it lasted 21 days. The mean 
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litter size is 2.6 ± .24 with a range from 2 to 4 (i). The mean age at first 
heat is 39.2 ±; 1.5 days (2). It breeds all the year except in the mountains (3). 
Compilation of data on embryo numbers gave a mean of 3.7 ± . 2 , with a 
range from i to 4. 

1. Svihla, A. Univ. of Michigan, Museum of Zool, Misc. Publ. No. 24 , 1932. 

2. Clark, F. H. J. Mammalogy, 19; 230-234, 1938. 

3. Mearns, E. A. U.S. National Museum, Bui. 56, 1907. 


Peromyscus leucopus Rafinesque 
WOOD MOUSE 


This widespread North American wood mouse is polyestrous and breeds 
from early April to the beginning of October in the northern part of its 
range (i). In the south it breeds at all times (2) but reproduction tends to 
fall off in July and August (3). Puberty in the female is reached at 
46.22 ±: 3.18 days (4). The estrous cycle lasts 4 to 5 days, and the vaginal 
smears are typical, like those of the rat and mouse (5). The litter size is 
5.04 dr .085 with a range from 3 to 7 in Ontario (i), and 4.09 dr .08 in Michi- 
gan (6). There appear to be considerable differences, but as younger mice 
have smaller litters the differences may be due to the age of the animals at 
the time of observation. Also, the first figures refer to embryos and the second 
to young born. Four appears to be the modal number of embryos in the 
wild state. 

There is a heat immediately after parturition, and the duration of gesta- 
tion in the nonlactating female averages 23.2 days. In the lactating female 
gestation may be prolonged by as many as 14 days (6). 

This species has been the subject of research on the influence of light upon 
the periodicity of breeding. In Michigan most litters are born in May and 
June, with few in July, and reproduction is more frequent again from late 
August to October. None are born from December to February. With i 
foot-caiidle of light to prolong the length of day tol8 hours during the short- 
day season the mice breed at that time as well as they do in the usual breed- 
ing season. Lowered temperature (4® to 6"^ C.) has no adverse effect if the 
light is maintained. Intense light is not an advantage. If the mice are blinded, 
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fertility is not affected, but they do not experience cyclical reproduction. 
Continued darkness lowers reproduction, and it becomes noncyclical in 
type (7). 

1. Coventry, A. P. J. Mammalogy, 18: 489“'496, 1937. 

2. Mearns, E. A. U.S. National Museum, Bui. 56, 1907. 

3. Burt, W. H. Univ. of Michigan, Misc. Publ. No. 45, 1940. 

4. Clark, F. FI. J. Mammalogy, 19: 230-234, 1938. 

5. Osgood, F. L., Jr. Personal communication. 

6. Svihla, A. Univ. of Michigan, Museum of ZooL, Misc. Publ. No. 24, 1932. 

7. Whitaker, W, L. J. Exp. ZooL, 83: 33-60, 1940. 


Peromyscus maniculatus Wagner 
DEER MOUSE 


The deer mouse is widespread throughout North America. The female is 
polyestrous and tends to breed all the year, but reproduction is often less 
during midsummer (132). In Ontario breeding ceases for the winter about 
the beginning of September (3). The estrous cycle lasts 4 to 5 days, and the 
changes in the vaginal smears are like those of the rat and mouse (4). The 
age at first heat is 48.72 ±; 1.23 days (5). The average number of embryos 
has been given as 5.38 ±: .13 with a range from 2 to 8 (3). A compilation 
of other figures, which relate to embryo counts in several subspecies;^ gives 
5.00 ± .09. The modal number of embryos is 5 and the range 2 to 9. A series 
of births gave 4.04 ± .03 (6). 

The female experiences heat immediately after parturition, and the dura- 
tion of gestation in the nonlactating female is 23.5 days with a range from 
22 to 27 days. Lactation increases the length up to 10 days (6). 

1. Hamilton, W. J., Jr, The Mammals of Eastern. United States. Ithaca, 1943. 

2. Blair, W. F. Am. Midland Nat., 24: 273-305, 1940. 

3. Coventry, A. P. }. Mammalogy, 18: 489-496, 1937. 

4. Osgood, F. L., Jr. Personal communication. 

5. Clark, F. H. J. Mammalogy, 19*. 230-234, 1938. 

6. Svihla, A. Univ. of Michigan, Museum of ZooL, Misc. Publ. No. 24, 1932. 
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Peromyscus truei Schufeldt 

This deer mouse o£ western North America is probably polyestrous and 
breeds during spring and summer (i). The age at first heat is 50.09 dr 2.44 
(Jays ( 2 ). A few gestations gave a nonlactating mean of 26.2 dr .3 days, with 
a range from 25 to 27 days, a little longer than is usual in this genus of mice. 
A sino-le gestation in a lactating mouse lasted 40 days. The mean litter size 
at birth was 2.84 dr .14? with a mode of 2, considerably less than the usual 
number for the genus (3). Embryo counts in the field have varied from 
3 to 6 for a limited series. 

1. Warren, E. R. The Mammals o£ Colorado. Stillwater, Okla., 1942. 

2 . Clark, F. H. J. Mammalogy, 19: 230-234, 1938. 

3. Svihla, A. Univ. of Michigan, Museum of ZooL, Misc. Publ. No. 24, 1932. 


Reithrodontomys megalotts Baird 
HARVEST MOUSE 

This mouse is widespread in North America. The female is polyestrous 
and breeds all the year round, but mostly from April to October, with a 
tendency to reduced breeding at midsummer (i). The duration of gestation 
is 23 to 24 days; the litter size at birth is i to 7, mean 2.6 dr .2. The earliest 
breeding age is 4 months 8 days (2). Embryo counts have ranged from i 
to 7, with a mean of 4.1 dr .2. 

1. Smith, C. F. J. Mammalogy, 17: 274-278, 1936. 

2. Svihla, R. D. J. Mammalogy, 12: 363-365. i 93 i- 


Sigmodon hispidus Say and Ord 
COTTON RAT 

This cotton rat of southern North America is polyestrous in the wild, 
breeding from early spring to late fall, or longer (i). In the laboratory it 
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breeds all the year round. The testes descend usually at 20 to 30 days, varying 
from 10 to 50 or more days, and the vaginal introitus is established at 30 to 
40 days, as a rule, with a variation from 10 to 50 or more days. Puberty is 
reached earlier in the spring than it is in the fall. Spermatozoa are produced 
at 40 to 50 days of age (2). 

The vaginal smear is characteristic of the Muridae and Cricetidae. There 
is a reduction in the number of leucocytes and an increase in nucleated 
epithelial cells during proestrum, with cornified cells in estrus, and nucleated 
epithelial cells followed by leucocytes in metestrum. The lengths of the parts 
of the cycle are most variable, and the following ranges have been found (2) : 

Proestrum, average 14 hours, 12-21 hours range 
Estrus, average 46 hours, 21-123 hours range 
Metestrum, average 14 hours, 9-21 hours range 
Diesurum, average 116 hours, 42-156 hours range 

Another account gives vaginal heat as lasting on the average 3.4 days, range 
I to 12 days, and a cycle length of 9 days, range from 4 to 20 days. The uterus 
is distended during heat, and ovulation occurs late in this period. The post- 
parturition heat lasts 18 to 24 hours, a shorter period than that of the normal 
cycle, and ovulation occurs 6% to 12 hours after littering. A vaginal plug 
is formed at coitus. The eggs take about 60 hours in their passage through 
the oviduct, and remain for nearly half that time in the last third. The 
placental sign, erythrocytes in the vagina, is given on the tenth day of preg- 
nancy (3). 

The average litter size is 5.6, with a range from 2 to lo, and the sex ratio 
at birth is 51.7 per cent (3). Other mean litter sizes are 4.75, range 3 to 8 (i), 
and 7.4, range 5 to 10 (4). Apparently, it is variable in different districts or 
on different feeds. For the subspecies chiriquensis Enders has records of 2 
and 3 embryos, lower than the usual number for the species. The duration 
of gestation is 27 days, and suckling has little effect upon its length (3). 

1. Svihk, A. J, Mammalogy, 10: 352-353, 1929. 

2. Clark, F. H. Contrib. Lab. Vert Genet, Univ. of Michigan, 1936. 

3. Meyer, B. J., and R. K. Meyer, J. Mammalogy, 25: 107-129, 1944. 

4. Rinker, G. C. Trans. Kansas Acad. Sci,, 45: 376-378, 1942. 
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Other CRICETINAE 


SPECIES 

BREEDING 

SEASON 

NO. 

OF 

YOUNG 

GESTATION HABITAT, 

PERIOD ETC. 

Baiomys taylorl 
Thomas 

Polyestrous 

2.72 

.13 

20 

days 

Southwestern U.S. and 
Mexico. Puberty about 
44 days (Blair) 

Cricetulus triton 

De Winton 

Giant Hamster 

March to 
mid-May 
(Loukashkin) 

4-6, 

usually 

6 


Manchuria. Testes 
enormous, up to V5 of 
body weight 

Cricetus cricetus L. 
Common Hamster 

Testes active 
in March, rest- 
ing in Sept. 
(Kayser and 
Aron) 

4-18, 

usually 

6-12 

20 

days 

Cent. Europe to Rus- 
sia and Asia Minor- 

Ncotoma cdbigtda 
Hartley 

Wood Rat 

Polyestrous, 
Apr.-Scpt., 
or all year 
(Feldman) 

2.24 z±: .09 

<30 

days 

Western N. America 

N. cincrea 

Ord 

Spring to early 
summer, i lit- 
ter a year in 
nortli, prob- 
ably more in 
south (Dixon) 

1-6, 

usually 4. 
4.0 zt: .25 


Western N. America 

N. desertorntn 
Merriam 


5 


Western N. America. 

I record 

N. fioridana 

Ord 

Florida Wood Rat 

Polyestrous 
(Dice) all 
year (Hamil- 
ton) 

1-4. 

usually 

3-4 


Southwestern U.S. 

N. lepida 

Thomas 

Desert Wood Rat 

Feb.-May, 

polyestrous 

(Long) 

usually 

3 


Southwestern U.S. 

N. magister 

Baird 

Polyestrous, 
late Feb.- 
Sept. (Poole) 

1-3. 

usually 

2 

30-36 

days 

Eastern U.S. 
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Other CRICETINAE {Continued) 


SPECIES 

BREEDING 

SEASON 

GESTATION HABITAT, 

PERIOD ETC. 

YOUNG 

N. 7 nexicana 

Baird 

Mexican Wood Rat 

Probably 

polyestrous 

(N.A.F.53) 

2 ’- 4 , 

usually 


Southwestern N. 
America 

M micropus 

Baird 

Polyestrous, 
late Apr, on 
(N.A.F. 53 ), 

I litter a year, 
born Feb. in 

2-3 

2.27 rfc: .08 

33 

days 

Western N. America 


captivity 

(Feldman) 




Oecomys endcrsi 
Goldman 


3 


Panama, i record 

Onychomys leucogaster 
Wied 

Grasshopper Mouse 

Polyestrous, 
Apr. to Sept. 
(Warren) 

usually 

4 

33 

days 

Cent, and western 

N. America, Gestation 
longer ( 39-47 days) 
when lactating. Fe- 
male puberty 90 days 
(Svihia) 

0 * tonidus 

Coues 


3-4 


Western N. America 

Oryzomys alfaroi 

Allen 


7 


Cent America. 

I record 

0. couesi 

Alston 


1 - 6 , 

usually 

5 


Mexico and Cent, 
America 

0, devius 

Bangs 


3-4 


Panama (Enders) 

0. fulvescens 

Saussure 

Rice Rat 


2 - 5 , mean 

3*5 ^ -h 
mode 3 


Cent America 
(Enders) 

0. tdamancae 

Alien 

Probably 

polyestrous 

(Enders) 

3-4. 

usually 

4 


Cent. America 
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Other CRICETINAE (Continued) 


SPECIES 

BREEDING 

SEASON 

NO. 

OF 

YOUNG 

GESTATION HABITAT, 

PERIOD ETC. 

Ototylomys phyllotis 
Merriam 


usually 

2 

Mexico 

feromysciis crinitus 
Merriam 


2-4 

Cent, and western N. 
America 

P. gossypinus 

Le Conte 

Polyestrous, 
all year 
(Hamilton) 


Southeastern U.S. 

P. nasutus 

Alien 


3 - 6 . 

usually 

West-central U.S. 

P. fitidipes 

Allen 



Cent. America 
(Enders) 

P. nuttalU 

Harlan 

Polyestrous, 

Apr.-Sept. 

(Brimley) 


Eastern and southern 
U.S. 

P. polionotus 

Wagner 



Southeastern U.S. Age 
at first heat, 29.64 zt 
0.47 days (Clark) 

P. yucatanicus 

Allen and Chapman 


2 

Mexico. I record 

Reithrodont 07 )iys 

albescens 

Cary 

Harvest Mouse 


3-5 

Central U.S. 3 records 

R. creper 

Bangs 


2 

Panama. 2 records 
(Enders) 

R. juhescens 

Allen 


2 

Texas and Mexico. 

I record 

R. humilis 

Bachman 

May-Nov. 

(Brimley) 

2-5 

Eastern and southern 

U.S. 
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Other CRICETINAE {Continued) 


SPECIES 

BREEDING 

SEASON 

GESTATION HABITAT, 

PERIOD ETC. 

YOUNG 

R, mexicanus 

Saussure 


2-5 

Mexico and Cent. 
America (Enders) 

R. moiitanus 


2 - 4 ^ 

21 Colorado. Puberty at 

Baird 


2.9 dt .15 

days 2 months (Leraus) 

ScQtinomys teguina 
Alston 


2 

Cent. America 
(Enders) 

Sigmodon minimus 
Mearns 

Least Cotton Rat 


3,4 

Soutlnvestern N. 
America, 2 records 

Teanopiis phenax 
Merriam 

Wood Rat 


■2 

Mexico. I record 

Hylomys watsoni 
Thomas 


3 

Cent. America, i rec- 
ord (Enders) 

Zygodont 07 nys 

cherriei 

Alien 

Cane Rat 

Polyestrous 

(Enders) 

2-4 

Cent. America 


MICROTINAE 

Arvicola amphibius L. 
WATER VOLE 


This vole, which lives ia Great Britain, is polyestrous, with a breeding 
season from the end of March to the end of September, but males are ready 
to reproduce in February. Animals born early in the year breed during the 
same season, but cycles in adult females at the beginning of the season may 
be infertile. There is a postparturient heat and a lactation anestrum. The 
average number of corpora lutea is 6.4, and of embryos 5.7 (i), or 5.6 (2). 
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The ripe follicle is 700 in diameter. The corpus luteum reaches its maximum 
size, 1.7 mm., fairly late in pregnancy. Large follicles are found at all stages 
of pregnancy. The diameter of the ovum is 80 /t. The uterus is distended 
with fluid during heat (i). 

1. Perry, J. S. Proc. Zool. Soc., London, 112A: 118-130, 1942. 

2. Barrett-Hamilton, G, E. H. A History of British Mammals. London, 1910. 


Clethrionomys {Evotomys) gapperi Vigors 
RED-BACKED MOUSE 


This vole, which lives in North America, is polyestrous and breeds from 
late winter to late fall in the wild, but all the year in captivity. The females 
experience postparturient heat. Copulation is very brief and several matings 
occur in a few minutes, after which the female does not desire more. Gesta- 
tion is from 17 to ig days (i). The litter size is from 3 to 8, with a mean of 
5.4 ± .13 (2). 

1. Svihla, A. Papers of Mich. Acad. Sci., Arts, and Letters, ix: 485-489, 1930. 

2. Coventry, A. P. J. Mammalogy, 18: 489-496, 1937. 


Clethrionomys {Evotomys) glareolus Sclireber 
BANK VOLE 


This European vole is polyestrous, with a breeding season from mid-April 
to the beginning of October. Reproduction is at a maximum in June, and 
the females usually bear 4 to 5 litters a year. At the beginning of the season 
many of them undergo a varying number of cycles, usually 3, before they 
become pregnant. Females born early in the season reproduce before its close. 
The spontaneous ovulation is near the end of heat, as copulation occurs before 
the follicles rupture. A hard copulation plug is formed. There is a post- 
parturient heat. Implantation is delayed during lactation, and in the non- 
pregnant female lactation anestrum occurs. A winter anestrum is the rule, 
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and the vagina is closed throughout this period (i). The number o£ young 
born varies from 2 to 8 (2), average 3.8 ±; ,01 (3). 

Cyclical changes in the histology of the reproductive tract are similar to 
those described for the rat and mouse. The ovaries are surrounded by a 
closed capsule. The number of corpora lutea averaged 4.4, with an observed 
maximum of 12, and the embryo count was 4.1, with an observed maximum 
of 6. The number of ovulations increases to a maximum in June and then 
falls off. The ripe follicle measures 550 to 800 the ovum, 70 and the 
corpus luteum, 0.8 to 1.2 mm. The maturation spindle is formed before 
ovulation, but the first division does not occur until after the follicle has 
ruptured. The uteri open into the vagina by separate cervices and are dis- 
tended during heat, at which time, also, intense vaginal cornification oc- 
curs (i). 

In the male sexual activity begins in March. The mean winter weight of 
the testes is 40 mg., and the mean summer weight 682 mg. Males born early 
in the season mature before its end, but those born later mature at the be- 
ginning of the next year. Regression of the testes begins in August, and 
spermatogenesis has ceased by November. The seminal vesicles are com- 
paratively large (4) , 

1. Brambell, F. W. R. Phil. Trans. Roy. Soc., London, 226B: 71-97, 1936. 

2. Didier, R., and P, Rode. Mammalia, 3: 111-121, 1939. 

3. Barrett-Hamilton, G. E. H. A History of British Mammals. London, 1910. 

4. Rowlands, L W. Phil Trans. Roy. Soc., London, 226B: 99-120, 1936. 


Microtus agrestis L. 
FIELD MOUSE 


The European field mouse is polyestrous, and in Great Britain the breeding 
season is from February and March to September and October. Breeding 
starts later, and finishes earlier, in the south than it does in the north of the 
range (i). By shortening the length of exposure to light from 15 hours to 
9 hours daily, reproduction is almost prevented, but the female is more 
affected than the male (2), The former experiences a postparturient heat; 
the gestation period is 21 days; males are sexually mature at 6 to 8 weeks 
of age, and the females at 3 weeks (3) . The average litter size in the laboratory 
is 3.73, and the sex ratio at birth is 50.89 ± 2.22 per cent males (4) . 
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Wild field mice caught in Wales evidently reach puberty, both males and 
females, at between 12 and 20 g. in weight. Young of both sexes breed during 
their first season if they are born early enough. The winter anestrum is ac- 
companied by closure of the vagina in the female and by cessation of sper- 
matogenesis in the male. Spermatozoa appear about a month before any 
pregnant females are found. If the female does not become pregnant at the 
postparturient heat, lactation anestrum sets in. The vaginal and uterine 
changes are similar to those found in the house mouse. At copulation a hard 
vaginal plug is formed. The average number of corpora lutea found was 
5.5 ± .13, standard deviation 1.5, and embryos 4.9 ±. .12, standard deviation 

1-37 (5)- 

1. Baker, J. R., and R. M. Ranson. Proc. Roy. Soc., London, 113B: 486-495, 1933. 

2 . Baker, J. R., and R. M. Ranson. Proc. Roy. Soc., London, iioB: 313-322, 1932. 

3. Ranson, R. M. J. Anim. EcoL, 3: 70-76, 1934. 

4. Ranson, R. M. Proc. ZooL Soc., London, iiiA: 45“-57, 1941. 

5. Brambell, F. W. R., and K. Hall. Proc. Zool. Soc., London, 109A: 133-138, 1939-40. 


Microtus guentheri Danfortli and Alston 

In captivity this Asiatic vole experiences no vaginal cycle with cornification, 
but the injection of estrogens has been found to induce cornification. Preg- 
nancy urine has no effect upon the ovaries, and P.M.S. always causes follicle 
growth without luteinization. Anterior pituitary extracts produce both (i). 

I. Zondek, B., and F. Sulman. Proc. Soc. Exp. Biol, and Med., 43: 86-88, 1940. 


Microtus petinsylvanicus Ord 
FIELD MOUSE 


This field mouse is polyestrous and breeds all the year round in the labora- 
tory. In the wild it tends not to breed in the winter except in the south or 
in warm conditions. The females reach puberty and begin to breed at 25 
days of age; the males at 45 days. In captivity they begin to breed before they 
are half-grown. At first they have litters of 4, but later the more usual number 
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is 6 to 8. A female can have as many as 17 litters in one year (i). In a series 
taken in the wild the average number of embryos was 5.4, which represented 
85 per cent of the eggs shed. Recognizable fetal resorption occurred to the 
extent of 3.6 per cent o£ the embryos, the modal number of which was 5. 
Combination of these data with another series (2) gives the following figures 
for fetal litter size: mean 5.5 zb .05, standard deviation 1.55, mode 5, range 
I to II. 

The ovaries are enclosed in a capsule, and the corpora lutea are salmon- 
colored. The vulva perforates at the first heat and is closed between heats. 
The clitoris is prominent. Copulation is rapid, and a vaginal plug is formed 
which lasts for 2 days. Copulation will take place immediately after parturi- 
tion, and suckling does not lengthen the consequent gestation, which lasts 
21 days or a little less. Low temperature alone does not interfere with breed- 
ing in winter (3) . 

During heat the vaginal epithelium cornifies, and the copulation plug 
is lined with cells of this type, which break away from the wall. Changes 
in the smear are typical of the rat and mouse, and leucocytes invade the 
vagina soon after the end of heat. Corpus luteum formation is typical, but 
the amount of liquor folliculi which is retained seems to be unusually 
large (4). 

The male has a well-defined scrotum, but the testes are often partly re- 
tracted. The seminal vesicles are large and directed cephalad for two thirds of 
their length, then they turn ventrally and caudally. The prostate is large 
and compound, with well-marked lobes. The bulbo-urethral glands are small 
and somewhat pear-shaped. Preputial glands are present, but small (3). 

1. Bailey, V, J. Agric. Res., 27: 523-536, 1924. 

2. Goin, O. B, J. Mammalogy, 24: 212-223, 1945. 

3. Hamilton, W. J., Jr. Cornell Univ., Agric. Exp. Sta., Mem. 237, 194T. 

4. Asdell, S. A., and W, J. Hamilton, Jr. Unpublished work. 


Ondatra zibethica L. 
MUSKRAT 


The muskrat of North America breeds in Iowa from April to August, or 
later (i). In Maryland it breeds at any time except possibly in November 
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and December, but most young are born from mid-April to mid-September. 
Two litters a year are usually obtained from pen-raised animals ( 2 ). The 
average litter size is 6.5, and it does not vary much with the season. The 
muskrat appears to breed first at the age of i year (i). The litter size varies 
from I to II, and the sex ratio of the newly born is 58.1 per cent males (3). 
The period of gestation is probably 29 to 30 days (2) . 

Spermatogenesis begins in mid-December and ovulation in mid-February, 
Gonadal activity ceases in both sexes in late October. These facts refer to 
the muskrat in Maryland (4) . 

1. Errington, P. L. J. Wildlife Management, 5: 68-89, 1941. 

2. Smith, F. R. U.S.D.A., Circ. 474, 1938. 

3. Errington, P. L. J. Mammalogy, 20: 465-478, 1939. 

4. Forbes, T. R. Science, 95: 382-383, 1942. 


Other MICROTINAE 


SPECIES 

BREEDING 

SEASON 

OF 

YOUNG 

GESTATION HABITAT, 

PERIOD ETC. 

Arvicola terrestris L, 

Poiyestrous 
(Didier et Rode) 

a-7 

42 

days 

(?) 

Europe and Asia 

Clethrionoinys (Epo- 
tomys) calif ornicus 
Merriain 

Poiyestrous, 
May-Oct. 
(McNab and 
Dirks) 

2-4 


Western N, America 

C. dawsoni 

Merriam 


4 ”d 



C. nivaritis 

Bailey 

Poiyestrous; 

postparturient 

heat 

3-3 

18 

days 


C. s\omerensis 
Barrett-Hamiiton 


5 


Skomer Island, Wales. 
I record 

Eothenomys fidelis 
Hinton 


3 , 

2 


East Asia. 3 records 

E. meianogastet 
Miine-Edwards 


1,2 


East Asia. 2 records 
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SPECIES 

BREEDING 

SEASON 

GESTATION HABITAT, 

PERIOD ETC. 

YOUNG 

Lagurus curtatus 

Cope 

Pygmy Vole 


6 


Western U,S. 

L. pauperrimiis 

Cooper 

Sage Mouse 


4- 10, 
usually 

5 - 7 


Western U.S. 

Lem m us trim ucro natus 
Richardson 


4-6 


N. Canada 

Microtus arvulis 

Pailas 

Field Mouse 

Polyestrous, 

Feb.-Oct. 

(Didier et Rode) 

4— / > 

usually 

5- 6 

20 

days 

Europe 

M, aztecus 

Allen 

Aztec Meadow Mouse 

Polyestrous 
(N.A.F. 53) 



Southwestern U.S. 

M. hlyihi 

Blanford 

Blyth’s Vole 


6 


India, i record 

Af. calif ornicHS 

Peak 

Californian Meadow 
Mouse 

Polyestrous, 
almost all year 
(N.A.F.55) 

4-8 

20-22 

days 

California. Puberty, 
males 6 weeks, females 
20-22 days 

M, chrotonhinus 

Miller 

Rock Vole 

Early spring 
to mid-fall 
(Hamilton) 

3.56 ± .19, 
usually 
3-4 


Northeastern N. 
America (Coventry) 

A A ludovicianus 

Bailey 

Louisiana Vole 

Late March- 
Oct, 

(Hamilton) 

2-5 



M. mexicanus 

Saussure 

Polyestrous 

(N.A.F.53) 

2-5 


Mexico 

M, minor 

Merriam 

Polyestrous, 
late Apr.-late 
Aug. (Griddle) 

1-8, 

usually 

6 


North-central N. 
America 



RODENTIA 


Other MICROTIN AE {Continued) 


25t 


SPECIES 

BREEDING 

SEASON 

NO. ^ 
OF 

YOUNG 

GESTAHON HABITAT, 

PERIOD ETC. 

M. montanus 

Peak 

Peak’s Meadow Mouse 

Polyestrous, 
spring-fall 
(N.A.F. 55) 

4-8 

Western N. America. 
Females, puberty 21 
days 

M. mordax 

Merriani 

Rocky Mountain 
Meadow Mouse 

Polyestrous, 

May-Sept. 

(Long) 

2-8, 

usually 

4-5- 

4-1 .3 

Western N. America 

A'/, nanus 

Merriam 

Dwarf Meadow Mouse 

Polyestrous 

(N.A.F.55) 

4-10 

Western N. America 

A/, nesophilus 

Bailey 

Gull Island Meadow 

Mouse 

Late March- 
Nov. 

(Hamilton) 

3-10 

21 

days 

Af. nival is 

Martin 

Polyestrous 
(Didier et Rode) 

3~4 

W. Europe 

M. Qchrogaster 

Wagner 

Polyestrous 
(N.A.F. 49) 

3-7 

Central N. America 

A/. Qperarius 

Nelson 


5 

Alaska, i record 

A/, oregoni 

Bachman 

Oregon Creeping 

Mouse 

Polyestrous, 
May-Aug., at 
least (Svihla) 

3-5 

Oregon 

M, richardsoni 

DeKay 

Water Vole 


4-7 

Northwestern N. 
America 

M. sihj^mensis 

Hodgson 

Sikkim Vole 


3-4 

N. India 

A/, townsendii 

Bachman 

Townsend’s Vole 


5 

British Columbia to 
Oregon, i record 
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SPECIES 

BREEDING 

SEASON 

NO, 

OF 

YOUNG 

GESTATION HABITAT, 

PERIOD ETC. 

Neo fiber alleni 

True 

Round-tailed Muskrat 

Probably all 
year 

(Hamilton) 


N. America 

Ondatra rivalicia 

Bangs 

Louisiana Muskrat 

All year, mostly 
Nov.-Apr. 

mode 4, 
av. 3.7 

Louisiana (Svihla and 
Svihla) 

Phenacornys intermcdius Polyestrous, 
Merriam Apr.-Aug, 

Mountain Lemming (Wallace) 

4-6 

Western N. America 

V. longiamdiis 

True 

Tree Mouse 

Polyestrous, all 
year, mainly 
early spring to 
late summer 
(Benson and 
Borrell) 

usually 

3 

Western N. America 


P. olympictis 

Elliot 


4 

Washington, i record 

P. sylvicola 

Howell 


4 

Oregon. I record 

PHymys i^emoralis 
Bailey 

Pine Mouse 


2 

Central N. America. 
I record 

P. pinetorum 

Le Conte 

Pine Mouse 

Early Mar. to 

mid-Nov, 

(Hamilton) 

Usually 

2.9 dr .15 


Synaptomys cooperi 
Baird 

Lemming Mouse 

Polyestrous, 

Feb.-Nov. 

(Stegeman) 

1-5 

3,2=h.I9 

N, America 

S, helaletes 

Merriam 


4,5 

N. America, 2 records 
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GERBILLINAE 
Dipodtllus simoni Lataste 
GERBIL 


This gerbil from Algeria is polyestrous and breeds all the year. The female 
usually comes in heat during the afternoon or evening and is out of heat 
next morning. The cycle is said to last about 10 days. A vaginal plug is 
formed after copulation. Gestation lasts 20 to 21 days, usually 20. The mean 
litter size is 4.7, with a range of 1 to 7 (i). If the female is suckling and 
becomes pregnant, implantation of the embryos is delayed (2). More in- 
formation is needed on this species since the records of a lo-day cycle were 
made at a time when pseudopregnancy had not been recognized. The cycle 
in the unmated gerbil may be shorter. These remarks also apply to other 
species of gerbils investigated by Lataste. 

1. Lataste, F. Act. de la Soc. Linn, dc Bordeaux, 40: 295™46o, 1886. 

2. Lataste, F. Compt. Rend. Soc. Biol., Paris, 43: 21--31, 1891. 


Pachyuromys duprasi Lataste 
BOUBIEDA 


This North African gerbil is polyestrous. After copulation a vaginal plug 
is formed with cornified tissue around it. The gestation period is 19 to 22 
days, usually 20. The number of young is 3 to 6, mean 3.4, mode 3(1). 

I. Lataste, F. Act. de la Soc. Linn, de Bordeaux, 40; 295-460, 1886. 
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Other GERBILLINAE 


SPECIES 

BREEDING 

SEASON 

NO. 

OF 

YOUNG 

GESTATION HABITAT, 

PERIOD ETC. 

Desmodillus atmctilaris 
A. Smith 

Short-eared Gerbil 

Probably 

polyestrous 

(Powell) 

2-6 


S. Africa 

Dipodillns campestris 
Levaillant 

Polyestrous, 
cycle about lo 
days (Lataste) 



Algeria 

D. qmdrimaculatus 
Lataste 


4 


Egypt. I record 

Gcrhillus hirtipcs 

Lataste 

Polyestrous, 
cycle about lo 
days (Lataste) 



Tunis 

G. swalius 

Thomas and Hinton 
Damara Pygmy Gerbil 

Fetuses found 
OcL-Dec., Apr. 
(Shortridge) 

2-6 


S.W. Africa 

Meriones libyctis 
Lichtenstein 

Jird 

Polyestrous, 
cycle about lo 
days (Lataste) 


20-25 

days 

N. Africa, Delayed im- 
plantation if suckling 
(Lataste) 

M. longifrons 

Sand Rat 

Polyestrous, 
cycle about lo 
days (Lataste) 


21 

days 

S. Europe. Delayed 
implantation if suck- 
ling (Lataste) 

Psammomys obesus 
Cretzschmar 

Born Apr. 
(Anderson) 

3-5 


N. Africa and W. Asia 

Taiera indicus 
Hardwicke 

Antelope Rat 


8-12 


India 

T. schinzi 

Noack 

Schinz’s Gerbil 

All year, mostly 
spring and 
summer 

2-8, 

mode 4-5 


S.W. Africa. Puberty 
at 3 months (Powell) 

T. validus 

Bocage 

Large Gerbil 

Born Apr. 

5 


Angola. I record 

T. vicma 

Peters 

Fetuses found 
Nov. and Dec. 
(Heller) 

4.5 


Cent. Africa. 2 records 
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OTOMYINAE 


SPECIES 

BREEDING 

SEASON 

NO. 

OF 

YOUNG 

HABITAT, 

ETC. 

Otomys irroratus 

Brants 

Polyesirous, all 
year, mainly 
June-Aug. 

usually 

S. Africa. Puberty at 
3 months (Powell) 

Parotomys brantsii 

A. Smith 

Polyestrous 


S. Africa. Puberty at 
3 months (Powell) 

P. little d aid 

Thomas 

Aug., Nov, 
(Shortridge) 

3 

S. Africa 

DENDROMURINAE 

SPECIES 

BREEDING 

SEASON 

NO. 

OF 

YOUNG 

HABITAT, 

ETC. 

Dendromtis {Poemys) 
acraeus 

Wroughton 

Embryos in July 
(Hollister) 

3 

Kenya, i record 

D, (P.) are Harms 

Roberts 

Gray Tree Mouse 

Winter 

(Roberts) 

3~4 

S. Africa 

D, (P.) ochropHS 

Osgood 

Chestnut Tree Mouse 

Embryos in Jan. 
(Hollister) 

5 

E. Africa, i record 

Malacothrix typicus 

A. Smith 

Mouse Gerbil 

Probably 

polyestrous 

3-5 

S. Africa. Puberty at 

3 months (Powell) 

Petromysctis colUnus 
Thomas and Hinton 
Damara Pygmy Rock 
Mouse 

Embryos Sept. 
(Shortridge) 

2 

S.W. Africa, i record 

P. shortridgei 

Thomas 

Kaokaveld Pygmy Rock 
Mouse 

May 

(Shortridge) 

2-3 

S.W. Africa 
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DENDROMURINAE {Continued) 


SPECIES 

BREEDING 

SEASON 

NO. 

OF 

YOUNG 

HABITAT, 

ETC. 

Saccostomus anderssoni 

Embryos Dec. 

4-8 

Central S. Africa 

De Winton 

(S.W. Africa), 



Pouched Mouse 

July (E. Africa) 

(Shortridge, 

Heller) 



Steatomys pratensis 
Peters 

Fat Mouse 


4-6 

Cent, and S.W. Africa 

RHIZOMYIDAE 

SPECIES 


NO. 

OF 

YOUNG 

HABITAT, 

ETC. 

Rhizornys pnnnosus 
Biyth 

Hoary Bamboo Rat 



W, Asia 


MURIDAE 

MURINAE 

Mastomys concha A. Smitli 

MULTIMAMMATE RAT 


A subspecies (M. c. erythroleucus Temminck) of the multimaramate rat 
from Sierra Leone has been investigated. It is polyestrous and breeds at all 
times of the year, but most females are found pregnant in October and 
November, at the end of the rainy season. At any other time of the year some 
females may be in anestrum, but the males breed at any time. At puberty the 
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males weight 45 g., and the females 40 g., compared with their respective 
mature weights of 105 g. and 83 g. Ovulation is spontaneous, and there is 
a postparturient heat. If the female does not become pregnant at this time, 
a lactation anestrum sets in. A vaginal plug is formed after copulation. The 
uterus is filled with fluid during heat, but this is not so at the postparturient 
heat. The vaginal epithelium becomes intensely mucified during proestrum. 
During heat it becomes cornified below the layer of mucous cells, and in 
metestrum both layers are sloughed off. The mean litter size is 11.5 by 
embryo counts, with a range from 7 to 17. The number of corpora lutea 
is 12.1, with a range from 5 to 19 (i). 

The age at puberty is 3 months (2). In the North Cameroons pregnant 
females were found only from October to December (3) . 

1. Brambell, F. W. R., and D. H. S. Davis. Proc. Zool. Soc., London, iiiB: i-u, 1941. 

2 . Powell, W. Rodents. Dept of Public Health, Union of South Africa, 1925. 

3. Sanderson, T. T. Trans. Zool. Soc., London, 24: 623-725, 1938-40. 


Mus bactrianus Blyth 

PERSIAN HOUSE MOUSE 


This Asiatic mouse when kept in the laboratory is polyestrous and breeds 
all the year round. It experiences a postpartiirient heat. The mean age at 
which the female gives birth to her first litter is 177 ±: 6.2 days. Gestation 
lasts 20 days if the female is not suckling. The mean litter size is 4.4 ± .09 (i) . 

I. Green, C. V. J. Mammalogy, 13: 45~475 


Mm musculus L. 
HOUSE MOUSE 


The house mouse is polyestrous all the year round, and in all respects its 
reproductive cycles closely resemble those of the rat. As the cycle has been 
described in detail under that species, reference should be made to it there. 



MAMMALIAN REPRODUCTION 


258 

The age of establishment of the vaginal orifice is somewhat variable. One 
investigation gave a spread from 28 to 49 days, a mean of 35.5 ±: .3 days, 
and a standard deviation of 4.75 days. In this investigation the weight at 
opening gave a slightly closer fit than age. The mean weight was 13.15 it .08 
g. (i). Temperature has some effect on the time of opening. In mice raised 
at 60 to 64° F. cycles began at 30.8 days, while in those raised at 80 to 92° F. 
they began at 34.2 days (2). There was no difference between mice kept in 
total darkness, in darkness with i hour of light daily, with red light, or kept 
normally (3). The vagina opens 1.4 days before the onset of the first heat (4). 

The length of the estrous cycle varies from 3 to 9 days, with an average 
at 4.5 days, and a mode from 4 to 6 days. However, the length appears to 
vary with the color of the mouse. Brown mice have the longest cycles, a 
modal length of 5 to 6 days; grays and yellows, 5 days; blacks, 4 days; and 
albino “browns,"’ 4 days. Most of the prolongation was in the duration of 
heat (5). A small decrease in environmental temperature has no marked 
effect upon the duration of cycles, but a reduction to 0° C. increases the 
interval from 4.02 ±: .14 to 11.16 ±: .59 days. After one week at the lower 
temperature the cycle is restored to its normal length (6) . The onset of heat, 
as judged by willingness to mate, usually occurs between 10 p.m. and i a.m. 
The spontaneous ovulation is usually between 12 midnight and 2 to 3 a.m., 
and the spread is from 11:30 p.m. to 4:40 a,m. It occurs, therefore, about 2 
to 3 hours from the onset of heat, but the interval is variable. If mice are 
submitted to a reversal of the time of light, and are also subjected to 16 to 
17 hours of light, the onset of the first heat is accelerated and they mate at 
the time customary under usual light conditions, i.e., in the dark hours (7) . 
Mating has no effect on the time of ovulation. The first polar body is nearly 
always extruded between the onset of heat and ovulation. At the time of first 
acceptance of the male the vaginal smear consists of from 21 to 95 per cent 
cornified cells (8). 

The mouse requires a sterile copulation or stimulation of the cervix uteri 
to activate the corpus luteum in the absence of fertile copulation, and then 
she displays the phenomenon of pseudopregnancy which lasts for 10 to 
12 days (9). 

Heat and ovulation occur within 24 hours after parturition. If the female 
is allowed a sterile copulation at that time, the ensuing pseudopregnancy is 
prolonged to 21 to 29 days if she is suckling. In nonsuckling animals and in 
those suckling only i or 2 young this prolongation is not observed (9). 
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The ova take 3 days to traverse the oviduct and remain for i day in the 
last portion of the tube (10). 

The litter size in mice has been the subject of many papers (1I5I2). The 
means reported vary from 4.5 to 7.4. The second litter is the largest, and 
there is a steady decrease afterwards so that the sixth litter averages less than 
the first (12). Fertility rises slightly through the year to July and September. 
Litters during lactation tend to be 0.3 lower than those born when the mother 
is not lactating (13). Counts of corpora lutea, embryos, and young born 
have averaged 8.4, 6.35, and 5.86, respectively, showing the considerable loss 
which occurs from ovulation to birth, due to loss of eggs, failure of implanta- 
tion, and fetal resorption. The embryos are distributed about equally between 
the two uteri, but there are too many occurring all on one side, because of 
pathology of one oviduct (14). If uniovular twins occur they must be in- 
frequent, less than 0.7 per cent (15). The sex ratio is about 52 per cent males 
(16), and the duration of gestation is 19 days, varying from 18 to 20. If the 
female is suckling at the time, implantation is delayed, and gestation is 
prolonged, on the average, by 21 hours for each suckling young (17). Most 
births take place from 4 p.m. to 4 a.m., and the fewest from 4 a.m. to 8 a.m. 
The female remains in seclusion an average of 4 hours and 40 minutes, 
during which time the litter is born (18). 

HISTOLOGY OF THE FEMALE TRACT 

OVARY. At every heat period an average of 400 to 500 young ova in each 
ovary differentiate, but most are destined for atresia. Semispaying does not 
increase the number differentiating, but it does increase the number that 
mature, thus giving the normal number of ovulations from one ovary instead 
of from two (19). The graafian follicles measure about 0.4 mm. in diameter 
2 days before heat, when they begin their rapid ripening growth. They meas- 
ure about 0.7 mm. when ovulation occurs (20). After rupture of the follicle 
the granulosa cells mostly remain and hypertrophy to form the lutein cells. 
The spindle cells of the theca interna and externa divide by mitosis to form 
connective tissue strands. Theca interna cells do not enter into the formation 
of lutein cells, but polygonal cells are formed from them, which, however, 
degenerate within 60 hours of ovulation (21). 

New ova are produced from the germinal epithelium, and most mitoses are 
found in this layer immediately following ovulation (22). The injection of 
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estrogens during the diestroiis period causes mitoses to occur during that 
time, when normally there are few (23). Follicular atresia varies in a cyclical 
manner; it is highest the day after heat and lowest on the next day (24). A 
count made in 100 ovaries revealed 2 polynuclear ova, 16 binovular and 2 tri- 
ovular follicles, and 13 anovular follicles, which were in an advanced stage 
of atresia (25). The average diameter of the ovum is 78.4 /-t or, with the 
zona pellucida, 95.4 (26) . 

VAGINA, etc. The vagina and vaginal smears are similar to those found 
in the rat. By the use of colchicine and estrogens in the ovariectomized mouse 
it has been shoAvn that growth of the vaginal epithelium starts at the uterine 
end and proceeds toward the vulva (27) . 

The uterine changes are also similar to those in the rat. There is a heavy 
leucocytic infiltration of the endometrium just after heat (28). 

The ciliated and nonciliated cells of the oviduct secrete and show maximal 
activity during heat. Eosinophil lipids are formed during cliestrum and are 
secreted during estriis (29). 

PHYSIOLOGY OF THE FEMALE TRACT 

The ovary of the mouse seems to have remarkable powers of regeneration, 
since in 121 mice doubly ovariectomized with the removal of the capsules 
and parts of the oviducts all ceased to experience cycles at first, but later ii 
of them came into heat. Of these, 8 were found to have ovarian tissue with 
follicles and corpora lutea (30). The injection of anterior pituitary extract 
did not increase the percentage of recovery (31). The role of the ovary in 
maintaining estrous cycles has been questioned, as it was found that X-ray 
sterilization before puberty, with oocytes, follicles, and follicular tissue all 
apparently rendered nonfunctional, did not prevent most of the mice from 
having estrous cycles. The tubular genitalia remained normal (32). When 
the experiment was repeated with adult mice, the average length of cycles 
was increased to 6.0 to 6.6 days, but it became more variable (33). Perhaps 
these experiments should be considered in conjunction with the preceding 
in which regeneration after ovariectomy was recorded, though they have 
recently been used as evidence for the secretion of estrogens by tissues other 
than the granulosa cells. 

It is believed that the graafian follicles secrete sufficient estrogen to induce 
heat early in their growth since ovariectomy 36 to 48 hours before heat does 
not prevent its occurrence at the usual time (34), 
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I£ 0.04 to 0.06 R.U. of estrogen is injected into mice, i.e., considerably less 
than the amount needed for cornification, the vaginal epithelium is con- 
verted into a mucus-secreting type (35) . The same effect can be brought about 
if progesterone is injected together w^ith a cornifying amount of estrogen 

(36). 

Deciduomata can be produced by traumatization of the endometrium 
during pseudopregnancy. The reaction is strongest at 3 to 4 days and slight 
at 5 to 6 days. They can also be evoked, but not so strongly, in a pseudo- 
pregnancy which is concurrent with lactation. They cannot be produced 
after X-ray sterilization, or after X-ray treatment and the injection of anterior 
pituitary extract to cause luteinization (37) . Removal of the ovaries at any 
time during pregnancy causes resorption of the embryos or abortion (38,39). 
Hypophysectomy at mid-pregnancy does not cause the pregnancy to end (40), 

Pregnancy cells appear in the anterior pituitary of the mouse at the ap- 
propriate time. The reaction depends upon the ovary, as the injection of 
anterior pituitary extract can produce the effect, but only in the intact ani- 
mal. It can also be produced in males by injection if ovaries have been 
transplanted into them. In other words the reaction is dependent upon the 
presence of corpora lutea (41). During pregnancy there is a leakage of red 
blood cells from the placenta, known as the placental sign, which can be 
detected in the vaginal smear from 9 to 10 days (42). Ovariectomy i to 12 
hours after the vaginal plug has been formed locks the eggs in the oviduct. 
One injection of 200 R.U. of estrogen is sufficient to repair the damage to 
the tubes and allow the eggs to descend (43). 

The pH of the uterine fluid at different stages of the cycle are as fol- 
lows (44) : 


Stage I 

6.97 

« 11 

7-13 

in 

7.50 

“ IV (diestrum) 

7.20 


These figures are all about 0.2 units below the corresponding ones in the rat. 

The uterine muscle is slightly more responsive to oxytocin during heat 
than between heats, and the response during pseudopregnancy is compara- 
tively low, just as it is during pregnancy (45). 

The mouse unit of estrogen is often used as a measure, but it varies with 
the laboratory from 0,2 to i.o of a rat unit. This variation may either be caused 
by differences in the method of testing or by strain differences. It should be 
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valuable i£ several strains could be tested by a standardized technique and 
the results expressed in international units. If there is a great difference be- 
tween strains, an inquiry into the mode of inheritance might yield valuable 
results. There is also a seasonal difference, since the response to i LU. is three 
times as great in May as it is in November (46). If estrogen and progesterone 
are injected in sequence, sexual receptivity is more easily produced in the 
ovariectomized mouse than it is if estrogens alone are injected. The optimal 
amount of progesterone is 0.05 1 .U., and the optimal interval is 48 hours (47). 
The pregnant mouse produces about 1.5 mg. (= 1.5 Rab.U) of progesterone 
daily, according to the method of estrogen neutralization (48). The adult 
female’s pituitary contains 0.25 B.U. of prolactin per mg. of tissue (49). 

The ovaries of immature mice do not respond to pituitary implants until 
the mice are 15 days of age (50). After this age, but while they are still im- 
mature, 2.5 LU. of P.M.S., or 1.5 LU. of P.U., are needed to cause ovulation. 
During pregnancy it may be induced by 0.7 LU. of P.U., but in diestrum 
1.0 LU. is required (51). Hysterectomy reduces the response to threshold 
doses of chorionic gonadotrophin in 20-day-old mice (52). Prolactin injected 
into the female suspends cycles for 3 weeks; then a prolonged estrus of 4 
to 8 days occurs in spite of continued injections (53). 

The minimal dose of estrogen that will produce uterine distension is 
100 M.U. (divided into 4 injections given over a period of 36 hours), but 
distension did not occur in all cases until the dose was raised to 400 M.U. 
At over 100 M.U. copulation was induced in 50 per cent of cases (54). The 
injection of 500 M.U. produced overstimulation of the uterus, and greatly 
distended glands, with a Swiss-cheese effect, were observed (55). In the 
normal cycle the injection of 7.5 R.U. of estrogen when the eggs are in 
the tube causes them to be retained or “tube-locked” (56). Similar effects 
are produced by testosterone propionate, 0.5 mg. of which causes some delay 
in the passage of ova, while 2.0 mg. completely prevents it (57). One to three 
M.U. of estrogen induces estrous vaginal smears in mice pregnant 2 to 6 
days, with resorption of the embryos. The same effect with resorption or 
abortion is caused by the injection of 2 to 2.5 M.U, between 4 and 10 days. 
After II days 3.0 M.U. or more are needed (42). In the pregnant mouse 
ovariectomized at 14 to 15 days, i.o mg. of progesterone daily is needed to 
maintain the pregnancy (58), The daily amount of progesterone needed to 
sensitize the endometrium to produce deciduomata on traumatization lies 
between Q.25 and 0.5 mg. (59). In normal pseudopregnancy deciduomata 
produced on the third day persist for 5 days. If i mg. of progesterone daily 
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is injected subcutaneously for a period beginning within 3 days of traumatiza- 
tion, they survive for 10 days, but not longer even though the injections are 
continued. The same effect can be produced in ovariectomized females. The 
additional injection of estrogens or of androgens do not affect the survival 
time (60). 

The X-zone or zone of fuchsinophil cells has been observed in the adrenal 
cortex. The injection of 0.4 mg, of testosterone propionate daily causes it 
to disappear or prevents its formation in adolescent males and females, adult 
females, and in adult castrated males (61). 

Estrous cycles are suppressed by the daily injection of 20 /^g. of testosterone 
and also of 200 Atg, of progesterone (62). 

The prenatal growth of the mouse has been studied in detail, and tables 
of growth have been prepared (63). 

THE MALE 

In the developing male the seminal vesicles increase in weight most rapidly 
at a body weight from 19 to 24 g. If postpuberal castration is performed, they 
lose half their weight in 7 days and then gradually sink to a level of less than 
10 per cent of their maximal weight (64). The accessory glands are main- 
tained in castrated males if ovaries are implanted into the ears and the mice 
are then kept at a temperature of 22® C. If the environmental temperature 
is 33° C., they are not maintained. The inference has been drawn that andro- 
gens are secreted by ovaries maintained at the lower temperature (65). 

The fertile life of spermatozoa in the male tract is about 10 to 14 days, since 
fertility is retained for that period after spermatogenesis is halted by X-raying 
the testes (66) . Spermatozoa enter the oviducts 1% hours after copulation and 
meet the ova at the end of 2 hours. In the oviducts spermatozoa retain their 
fertilizing ability for 6 hours and their motility for 13% hours. The presence 
of a copulation plug is not necessary for fertilization (67). The plug seals 
better than does that of the rat. It extends up each cervical canal and into 
the vulva; the end is flat, not pointed as in the rat, and usually flush with 
the vulva. The plug is removed by softening at the surface. It usually falls 
out after 18 to 24 hours, though it may persist for 36 hours to 2 days. The 
plug formed at a postpartum copulation is not so definite owing to a copious 
discharge of fluid and leucocytes. Under these circumstances the plug either 
does not form or breaks into a mass of debris (9). 

Two milligrams of androsterone daily is just insufficient completely to 
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maintain the prostate and seminal vesicles of castrated mice^, which fact 
indicates that the mouse requires more than the rat (68), The minimum 
daily dose of testosterone that will bring the castrated mouse into a condi- 
tion in which ejaculation can occur when pernostone and yohimbine are 
injected is about 40 y (69). 

The injection of crystalline androgens prevents the degeneration of the 
seminiferous tubules in hypophysectomized males for at least 23 days, but 
it does not prevent the degeneration of the interstitial cells. Androstane- 
dione was most effective in a dose of 0.4 mg. daily (70). Injection of larger 
quantities is harmful in the normal adult mouse. Two milligrams of 
testosterone daily for 20 days produced moderate tubal atrophy and more 
complete atrophy of the interstitial cells. Five to ten milligrams daily did 
not damage the seminiferous tubules, but atrophy of the interstitial cells 
occurred. The injection of 2 mg. of progesterone also caused atrophy of the 
interstitial cells (71). Estrogens in quantity are also harmful to the male; 
40 R.U. daily decreased the weight of the prostate (also of the uterus in the 
female) and caused the retention of urine and bladder dilatation in both the 
intact and the castrated male. Metaplasia of the columnar epithelium into 
stratified squamous epithelium occurred, and it was more marked in the 
anterior than in the posterior prostatic lobe. The effect was greater in castrates 
than in intact mice. Injection of P.U. and of androgens prevented the meta- 
plasia but not the retention of urine (72) . 
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RaUtis ratUis L. 
RAT 


The nomenclature of the species and subspecies of rats is in a very con- 
fused state, and in this account no attempt has been made to differentiate 
between them. Laboratory rats, whatever their origin, have, unless specifically 
stated, been taken to belong to one species. The basic physiology in all is 
the same, but there are differences in quantitative aspects, such as the age 
at puberty and mean litter size, comparable to similar variations found in 
farm livestock. We are probably witnessing in the laboratory rat that blend- 
ing of species and subspecies with subsequent genetic separations into strains 
which has produced domestic livestock and the many breeds into which 
they are now separated. 

The rat is polyestrous all the year round, and ovulation is spontaneous, 
occurring near the end of heat. Heat lasts about 20 hours, and die cycle from 
4 to 6 days. The corpus luteum formed after rupture of the follicle is physio- 
logically inactive unless the cervix uteri has been stimulated mechanically 
or by coitus. The interval between heats thus represents pr oestrum, and its 
length is determined by the time required to ripen new follicles. When the 
cervix is stimulated, prolactin is apparently released from the anterior pi- 
tuitary and this enables the corpus luteum to secrete progesterone. This con- 



RODENTIA 


267 

tinues for about 14 days, and during that time the rat is ‘‘pseudopregnant.” 
New follicles do not ripen, heat is not experiexiced, and the uterus undergoes 
various changes, such as growth of the glands and sensitization of the en- 
dometrium to trauma. Subsidence of the corpora lutea is followed by the 
ripening of new follicles, heat, and ovulation. 

The vaginal epithelium undergoes well-marked changes during the cycle. 
Heat is characterized by marked cornification and the disappearance of 
leucocytes. At the end of heat the cornified layer is sloughed off, and an 
invasion of leucocytes occurs. The vaginal smear is, therefore, an excellent 
indicator of the stage of the cycle. The uterine lumen is distended with fluid 
at heat, but otherwise uterine changes are not marked in either type of cycle. 
The duration of gestation is about 21 days, and the average litter size 7 to 
9. Quantitative hormonal relationships have been worked out in considerable 
detail. 


THE ESTROUS CYCLE 

In the young rat the vagina is a cord of cells without a lumen. As the first 
ovulation approaches, the central cells separate, forming a tube closed at the 
vaginal orifice by a thin membrane. This ruptures at, or a little before, the first 
ovulation; hence, the establishment of the opening is a good indication of 
the arrival of puberty. Opening is not, however, entirely dependent on sexual 
activity as it occurs in the absence of the ovaries at about the usual time in 
the Long-Evans strain (i). In the Cornell Nutrition strain ovariectomy 
delays the opening for about 14 days (2) . 


Table i. Age and Weight of Rats at Time of Vaginal Opening 


STRAIN 

AGE, 

DAYS 

WEIGHT, 

GRAMS 

Columbia Univ., specially fed (3) 

4i.izt .45 

127.0 zb 1.3 

Wistar (4) 

42.0 rb .7 

87.8 dz t.6 

Hooded (4) 

46.5 ± 1.3 

91.0 zb 2.3 

Brown Univ. (5) 

49,4 zt .26 


McCarrison (4) 

50.6 zt 1.7 

96.8 dz 1.8 

Cornell Nutrition (2) 

60.8 ziz .6 

120,8 zb 2.8 

Long-Evans (i) 

76.5 



The average age at puberty varies considerably with the strain of rats 
and with the rate of growth. Rats from small litters and those which are 
specially fed reach this age earlier than others (3). The mean weight at ihU 



268 


MAMMALIAN REPRODUCTION 


time is about 52.5 per cent of the mature weight, but, as the coefficient of 
variation for weight is greater than that for age, the latter is more closely 
related to the attainment of puberty (2). However, the body length, mean, 
166.0 ±. .6 mm., is still less variable (3). Another series of data, also, gives 
148 to 150 mm. as the body length at puberty or first appearance of corpora 
lutea, and it seems that this is the less variable measurement (6). 

The opening of the vagina and ovulation are practically simultaneous in 
46 per cent of rats, and they have occurred within 10 days of each other in 80 
per cent. If males are with the females all the time, the first fertile copulation 
occurs, on the average, about 16 days later than vaginal opening in the Long- 
Evans strain (i), and 6 days later in the Cornell Nutrition strain (2). 

The modal length of the estrous cycle in the Long-Evans strain is 4 to 5 
days, with 82 per cent of all cases falling between 4 and 6 days. The average 
of all cases 8 days and less in length was 4.8 days, and this may be taken as 
the mean since periods longer than 8 days may include some rats one of 
whose heat periods has been missed (i). The Stanford colony gave a mode 
of 4 days for rats of all ages, though the mean for older rats (above 283 
days old) was about i day longer than that for young ones because of the 
greater irregularity of the former (7). The Brown University colony gave 
a mean of 4.4 days, with 87 per cent between 4 and 6 days. Occasional split 
heats were observed (8). In South Africa the modal cycle length for albino 
rats was 4 days, with 80 per cent from 3 to 5 days (9) , It Is thus generally 
agreed that the modal length of the cycle is 4 days and the mean about 4.8 
days. 

The length of the pseudopregnant cycle after electrical stimulation of the 
cervix is 14.03 days (lo), and after vasectomized copulation, 14.5 days (ri). 
The difference is probably not significant. The mode in the first report cited 
was 12 to 13 days. In the Long-Evans strain the modal length was 12 to 14 
days (i) . Pseudopregnancy is also induced by the application of silver nitrate 
solution to the nasal mucosa during heat (12). Anesthetization of the nasal 
mucosa and also ablation of the sphenopalatine ganglia have a similar effect 

(13) . Bilateral abdominal sympathectomy does not affect the normal cycle 

(14) or the induction of pseudopregnancy after infertile copulation, but it 
does prevent pseudopregnancy from following mechanical or electrical stim- 
ulation of the cervix. In the latter, therefore, the sympathetic chain is in- 
volved (15). 

The duration of heat has been determined by hourly copulation tests. 
This method gave 13.7 ± .12 hours, with a range of i to 28 hours and a 
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standard deviation o£ 4.55 hours. Eighty per cent were between 9 and 20 
hours. Copulation early in heat shortens the period slightly (8). Another 
determination gave a distribution from 12 to 18 hours (16). Heat usually 
begins between 7 and 8 v . m ,, with 75 per cent beginning between 4 p.m. and 
10 P.M. and less than i per cent between 3 a.m. and ii a.m. (8,16). The 
average duration of the first heat is slightly less than that of later heats, the 
mean being 9.1 hours. It usually begins between 7 p.m. and 5 a.m. (5). In 
the normal heat period the female is most receptive during the first 3 hours 
(16). The usual time of ovulation is 8 to ir hours after the beginning of 
heat (17,18). The relation of ovulation to the vaginal smear is considered 
later. 

As the rat is a more or less nocturnal breeder, the influence of light upon 
the reproductive processes is of interest. Rats kept from birth or from 21 
days of age in continuous light experienced the vaginal opening at an aver- 
age of 6 days earlier than controls, while those kept in continuous darkness 
were 10 days late. In light the heat period was longer, and in darkness the 
interval between heats was longer, than usual (19). Reversal of the hours 
of light and darkness, but with their relative lengths retained, caused a 
shift of the onset of heat to the new time of darkness. Establishment of an 
8'hour rhythm of light and darkness had no effect, and exposure to con- 
stant light increased the length of the heat period and the duration of vaginal 
cornification (20,21). Blindness and continuous darkness did not affect the 
cycle (21), 

The removal of active corpora lutea during pseudopregnancy results in a 
return of heat in 4 days’ time. If it is done late in pregnancy, abortion some- 
times occurs, more often resorption of the embryos, and occasionally the 
pregnancy is not interrupted (22), Ovariectomy, a less severe operation, 
apparently, than removal of corpora lutea by electrocautery, results in abor- 
tion if it is done before 13 days of pregnancy; if it is done later, the pregnancy 
continues (23). 

Parturition usually occurs in the afternoon, least frequently from mid- 
night to 6 A.M. It takes from 10 to 70 minutes. The postparturition heat be- 
gins after a mean interval of 18.5 hours (range 4 to 36 hours). The time of 
its commencement is somewhat irregular, but it is related to the time 
of parturition in such a way as to bring it between 6 p.m. and 
midnight, the usual time for heat to begin. The average length of this heat 
period is 10 hours. Occasionally ovulation occurs without heat after parturi- 
tion (24). 
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There is little difference in the relative activity of the two ovaries. A 
count of corpora lutea gave 51 per cent of ovulations from the left ovary 
( 6 ). 

The results of insemination at different times in the cycle are given in 
the following table (25,26). This work sets the maximum fertile life of the 
spermatozoa in the female tract at 14 hours, and the life of the ovum at 
about 12 hours. But as the ova become old they are less able to give rise to 
normal embryos. 


Table 2. Relation of Time of Insemination to Fertility and Fecundity 


TIME OF INSEMINATION 

PREGNANCIES, 
PER CENT 

NORMAL 
PREGNANCIES, 
LITTER SIZE 

ABNORMAL 
PREGNANCIES, 
PER CENT 

More than 14 hours before ovulation 

0 

0 

0 

12-14 hours before ovulation 

20 

3*5 

0 

10-12 hours before ovulation 

50 

3*5 

0 

Near ovulation time 

B3 

6.7 

II 

6 hours after ovulation 

47 

4 .G 

48 

10 hours after ovulation 

22 

1.8 

79 

12 hours after ovulation 

4 

0 

100 

18-20 hours after ovulation 

0 

0 

0 


The rate of passage of the ovum through the oviduct appears to be rather 
rapid until the last tenth of the distance remains to be traversed, when it is 
much slower. The ovum takes 3 days or a little more to reach the uterus 
(27,1). 

The mean litter size varies with the strain. Stock albino rats at the Wistar 
Institute averaged 6.1 (28) ; Wistar rats in Edinburgh, 9.26 ±: .18 (29) ; al- 
binos in South Africa, 7.4 (9); Cornell Nutrition strain, 6.22 ±: .08 (30); 
wild rats brought into the laboratory, 10 to ii (31). The second litter is the 
largest, and the litter size decreases sharply after the tenth litter (28,32). 
The litter size tends to be slightly smaller in fall and winter (9). Unilateral 
ovariectomy is followed by the production of the number of ova usual for 
the rat from the remaining ovary, so that the litter size falls only from 8,6 
to 8.1, while the number of corpora lutea increases from 10.3 to 10.6. No 
migration of ova across the abdominal cavity occurs; the ova could not 
migrate through the uteri as the latter open to the vagina by two cervices. 
In these experiments, therefore, the pregnant uterus had twice the normal 
number of young in it with little increase in the amount of fetal atrophy 
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(33,34,35). In the normal rat loss of ova and fetal atrophy account for about 
one third of the eggs shed (i) . 

A comparison has been made of the effects of breeding rats at the earliest 
possible time, i.e., at the time of vaginal opening, at 100 days of age (normal 
time), and at 280 days old. In all these groups lactation for 21 days was 
allowed before the rats were rebred. A fourth group was not allowed to 
lactate: the young were removed immediately after parturition and the 
mother was put in a cage with a male. In all these groups the second litter 
was the largest; the “bred late” rats had the smallest litters throughout their 
lives; and the “bred early” rats had larger initial litters than the normals 
but ceased reproduction rather earlier than usual. The ‘ nonlactating” rats 
had consistently larger litters after the first, and, though they had more 
litters, they tended to break down at an earlier age. The size of the first 
litter, and the shortness of the interval between the first and second litters 
in the lactating rats, was a fairly reliable indication of their lifetime ability 
to reproduce. The menopause, or cessation of breeding, was found to be a 
process which might occur at any age or not at all; no definite period for 
cessation, as in man, was found (32) . 

The sex ratio at birth in Wistar stock is 51.4 per cent males (28). This 
seems to be a characteristic ratio, since the same stock in Edinburgh has 
given a sex ratio of 51.2 per cent males (29). South African albino stock gave 
a ratio of fewer males than females, i.e., 43.4 per cent males (9), and the 
Cornell Nutrition stock, 49.4 per cent males (32). 

The gestation period is 22 days with very little variation. A series in 
which the time was accurately obtained by the use of obstetrical cages gave 
90 per cent from 21% to 22 days, and the average of all gestations was 21,8 
days (i). 

If the mother is suckling 6 or more young, implantation in a new preg- 
nancy is delayed, and the pregnancy is consequently prolonged (36). In 
the absence of pregnancy lactation causes the corpora lutea of the postparturi- 
tion ovulation to persist. Removal of the young is followed by heat 4 days 
later (i). 


HISTOLOGY OF THE FEMALE TRACT 

OVARY. The ovary of the immature rat less than 15 days old contains 
ova surrounded by granulosa cells. These loosen and antra develop at about 
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15 days. At this time the percentage o£ vesicular follicles is about 12. It 
increases up to 38 days, then falls until just before puberty, when there is a 
sudden rapid increase (37) . The fail may be due to the large amount of 
follicular atrophy. The number of binovular and triovular follicles is very 
small, about 0.05 per cent (38), which is in contrast to their relative fre- 
quency in the mouse. The number of ova of all sizes in the two ovaries at 
birth is about 35,000; at 100 days it has fallen to 8,000; at 400 to 600 days to 
5,000; and at 950 days to about 2,000. At any one time degenerating ova ac- 
count for 10 per cent of all those present (6) . 

Comparatively few mitoses are found in follicles below 200 /a in diameter, 
indicating a slow rate of growth up to this size (39). Follicles which are 
destined to rupture begin to grow at the previous heat of the 4-day cycle. 
The growth rate is fairly constant until just before heat when there is an 
8-£old acceleration. Follicles which will not rupture but which are destined 
to become atretic can be picked out at the third day of the cycle (18). The 
greatest number of mitoses in the granulosa cells is found early between 
heats, and the volume of the theca interna is greatest just before the heat in 
which the follicles will rupture (39) . 

The first sign of impending ovulation is a slight indipping of the theca 
interna. As this occurs the first polar body is extruded, and some of the outer- 
most granulosa cells have minute lipid deposits within them. At this time 
the follicle is about 0.9 mm. in diameter (i). The theca interna thins out 
at the point of rupture. When ovulation occurs, the follicle collapses; some 
of the granulosa cells and a little liquor folliculi are retained. A small crater 
forms at the rupture point, but it soon heals over, and the follicle again be- 
comes somewhat distended by the secretion of more fluid (18). At 24 hours 
after ovulation a layer of lutein cells has been formed, and at 48 hours these 
cells are well developed. They surround a small core of connective tissue, 
which occasionally contains extravasated blood. The corpora lutea reach 
their maximum size, about 0.8 mm. in diameter, after 3 days, and retrogres- 
sion sets in immediately (40), though they may be easily distinguished for 
three cycles (i). The corpora lutea of pregnancy last throughout gestation 
and retrogress slowly, and those of pseudopregnancy continue for 12 days 
and then slowly retrogress. The most apparent sign of retrogression is a 
reduction in the amount of lipid In the lutein cells (i). It has been stated 
that the mean maximum diameter of the corpus luteum of the normal cycle 
is 1.77 mm., of that of pseudopregnancy, 1.52 mm., and of that of lactation, 
1.59 mm. The corpus luteum of pregnancy increases slowly to 1.45 mm. by 
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the eleventh day; then there is a rapid increase to 2.0 mm,, at which size it 
remains until parturition. In the delayed implantation caused by lactation 
the secondary growth of the corpus luteum is also delayed. The increase 
can be brought about by the injection of estrogens, probably supplied nor- 
mally by the placenta (41). 

VAGINA, Vaginal changes in the rat are definitely related to the estrous 
cycle and are exceptionally clear-cut, so much so that the vaginal smear is 
an excellent means of determining the stage of the cycle. During metestrum 
the vaginal wall is moist and pinkish, but in estrus it is dry, white, and 
lusterless (i). These changes are associated with the cornification of the 
surface layers during heat and the extensive desquamation at the end of 
this period. It may be noted that these color changes are the opposite of those 
occurring in the domestic ungulates, but in these species not cornification 
but mucification is the rule in estrus. During the interval the epithelium is 
4 to 7 cells deep with little squamous transformation of the surface layers and 
few mitoses in the basal layer. Leucocytic infiltration is always present. 
Toward the end of this period, i.e., during proestrum, mitoses are much 
more frequent and the epithelium increases to 8 to 9 layers. The surface cells 
swell and become a characteristic surface layer, while, with continued 
growth, those beneath become cornified. These two layers are gradually 
sloughed off during heat, and at the end of this period a heavy invasion of 
leucocytes appears. This is followed by the “interval” type of epithelium. 

Along with these changes in the vaginal epithelium there are well- 
marked changes in the type of vaginal smear. In the interval nucleated epi- 
thelial cells and leucocytes, with an occasional cornified cell, are found. As 
heat approaches, the leucocytes disappear and nucleated epithelial cells in- 
crease in number and are gradually replaced by cornified nonnucleated cells. 
The beginning of heat (sexual receptivity) usually occurs when the smear 
contains 75 per cent nucleated and 25 per cent cornified cells. This is followed 
by a second stage in which cornified cells only are present. Gradually “pave- 
ment” cells come in. These are flat, nucleated epithelial cells. During the 
latter part of the cornified stage the smear becomes very abundant and cheesy 
in texture. Heat may end at any time during the cheesy stage. It is followed 
by the appearance of large numbers of leucocytes and the virtual disappear- 
ance of cornified cells. Two schemes denoting the stages of the vaginal 
smear of the rat have been given, and they are summarized in table 3. 

UTERUS, The chief characteristic of the uterine changes is the marked 
distension with fluid which occurs during estrus. In diestrum the uterus is 
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15 days. At this time the percentage of vesicular follicles is about 12. It 
increases up to 38 days, then falls until just before puberty, when there is a 
sudden rapid increase (37). The fall may be due to the large amount of 
follicular atrophy. The number of binovular and triovular follicles is very 
small, about 0.05 per cent (38), which is in contrast to their relative fre- 
quency in the mouse. The number of ova of all sizes in the two ovaries at 
birth is about 35,000; at 100 days it has fallen to 8,000; at 400 to 600 days to 
5,000; and at 950 days to about 2,000. At any one time degenerating ova ac- 
count for 10 per cent of all those present (6). 

Comparatively few mitoses are found in follicles below 200 /a in diameter, 
indicating a slow rate of growth up to this size (39). Follicles which are 
destined to rupture begin to grow at the previous heat of the 4-day cycle. 
The growth rate is fairly constant until just before heat when there is an 
8-£old acceleration. Follicles which will not rupture but which are destined 
to become atretic can be picked out at the third day of the cycle (18). The 
greatest number of mitoses in the granulosa cells is found early between 
heats, and the volume of the theca interna is greatest just before the heat in 
which the follicles will rupture (39) . 

The first sign of impending ovulation is a slight indipping of the theca 
interna. As this occurs the first polar body is extruded, and some of the outer- 
most granulosa cells have minute lipid deposits within them. At this time 
the follicle is about 0.9 mm. in diameter (i). The theca interna thins out 
at the point of rupture. When ovulation occurs, the follicle collapses; some 
of the granulosa cells and a little liquor folliculi are retained. A small crater 
forms at the rupture point, but it soon heals over, and the follicle again be- 
comes somewhat distended by the secretion of more fluid (18). At 24 hours 
after ovulation a layer of lutein cells has been formed, and at 48 hours these 
cells are well developed. They surround a small core of connective tissue, 
which occasionally contains extravasated blood. The corpora lutea reach 
their maximum size, about 0.8 mm. in diameter, after 3 days, and retrogres- 
sion sets in immediately (40), though they may be easily distinguished for 
three cycles (1). The corpora lutea of pregnancy last throughout gestation 
and retrogress slowly, and those of pseudopregnancy continue for 12 days 
and then slowly retrogress. The most apparent sign of retrogrcsssion is a 
reduction in the amount of lipid in the lutein cells (i). It has been stated 
that the mean maximum diameter of the corpus luteum of the normal cycle 
is 1.77 mm., of that of pseudopregnancy, 1.52 mm., and of that of lactation, 
1.59 mm. The corpus luteum of pregnancy increases slowly to 1.45 mm. by 
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the eleventh day; then there is a rapid increase to 2.0 mm., at which size it 
remains until parturition. In the delayed implantation caused by lactation 
the secondary growth of the corpus luteum is also delayed. The increase 
can be brought about by the injection of estrogens, probably supplied nor- 
mally by the placenta (41). 

VAGINA, Vaginal changes in the rat are definitely related to the estrous 
cycle and are exceptionally clear-cut, so much so that the vaginal smear is 
an excellent means of determining the stage of the cycle. During metestrum 
the vaginal wall is moist and pinkish, but in estrus it is dry, white, and 
lusterless (i). These changes are associated with the cornification of the 
surface layers during heat and the extensive desquamation at the end of 
this period. It may be noted that these color changes are the opposite of those 
occurring in the domestic ungulates, but in these species not cornification 
but mucification is the rule in estrus. During the interval the epithelium is 
4 to 7 cells deep with little squamous transformation of the surface layers and 
few mitoses in the basal layer. Leucocytic infiltration is always present. 
Toward the end of this period, i.e., during proestrum, mitoses are much 
more frequent and the epithelium increases to 8 to 9 layers. The surface cells 
swell and become a characteristic surface layer, while, with continued 
growth, those beneath become cornified. These two layers are gradually 
sloughed off during heat, and at the end of this period a heavy invasion of 
leucocytes appears. This is followed by the ‘‘intervar’ type of epithelium. 

Along with these changes in the vaginal epithelium there are well- 
marked changes in the type of vaginal smear. In the interval nucleated epi- 
thelial cells and leucocytes, with an occasional cornified cell, are found. As 
heat approaches, the leucocytes disappear and nucleated epithelial cells in- 
crease in number and are gradually replaced by cornified nonnucleated cells. 
The beginning of heat (sexual receptivity) usually occurs when the smear 
contains 75 per cent nucleated and 25 per cent cornified cells. This is followed 
by a second stage in which cornified cells only are present. Gradually *‘pave- 
ment” cells come in. These are flat, nucleated epithelial cells. During the 
latter part of the cornified stage the smear becomes very abundant and cheesy 
in texture. Heat may end at any time during the cheesy stage. It is followed 
by the appearance of large numbers of leucocytes and the virtual disappear- 
ance of cornified cells. Two schemes denoting the stages of the vaginal 
smear of the rat have been given, and they are summarized in table 3. 

UTERUS, The chief characteristic of the uterine changes is the marked 
distension with fluid which occurs during estrus. In diestrum the uterus is 
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Tabi.e 3. Vaginal Smears in the Rat 


LONG AND EVANS (i) 

YOUNG, BOLING, AND BLANDAU (42) 

STAGE I 

Small, round, nucleated cells only. Dura- 
tion about 12 hours 

PROESTRUM 

STAGE I 

From small, round, nucleated cells only, 
to 75 per cent cornified cells. Beginning 
of heat is when 25 per cent of the cells 
are cornified. Duration 8-1 r hours 

STAGE 11 : 

Cornified cells only. Mating mostly in | 
this stage 

ESTRUS 

STAGE II 

From cornified cells only with ovulation 
early in this stage, to cornified 25 per 
cent, pavement nucleated cells 75 per cent 

STAGE III 


Late cornified stage, abundant cheesy 
smear. Mating no longer allowed as a 
rule. Stages 11 and III last about 27 hours 

STAGE III 

Pavement epithelial cells only 

STAGE IV 

Cornified cells and leucocytes. Duration 
about 6 hours 

METESTRUM 

STAGE IV 

Pavement cells and leucocytes 

STAGE V 

Epithelial cells and leucocytes. Duration 
about 57 hours 

DIESTRUM 



always slender, with a slitlike lumen. It is lined by a simple columnar epi- 
thelium, and the glands are scanty. During vaginal stage I, or proestrum, 
there are marked vascular engorgement and an accumulation o£ iSuid in 
the lumen, which distends to 5 mm. in diameter, in contrast to the diestrous 
diameter of 1.6 to 2.5 mm. The distension converts the columnar epithelium 
into a cuboidal one. Leucocytes are usually absent from the epithelium. These 
changes are continued in the early part of stage 11, but at about the end of 
this stage the distension disappears, and the fluid is lost by drainage through 
the cervices. With the reduction in distension the uterine wall becomes flac- 
cid, and the epithelium reverts to the columnar type, but the cells show 
signs of vacuolar “degeneration.” During stage III the vacuolization in- 
creases, but regeneration is apparent in stages IV and V (i). Degenerated 
ova from the previous heat remain in the uterus and are washed out with 
the fluid in the uterus during heat (43). 
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During pseudopregnancy— a period in which tlie vagina remains in 
stage V— the main change is that more mitotic activity is found in the 
uterine epithelium at about 7 to 8 days after heat; the stroma also shows 
growth which precedes that of the epithelium by a day or two. The glandu- 
lar changes at any time are but slight (44). 

During the normal cycle the endometrium does not produce deciduomata 
after traumatization, but they may be produced in pseudopregnancy from 
the fourth to the seventh day (1,44). This reaction is due to the secretion of 
progesterone by the corpora lutea and affords evidence that this does not 
occur, either at all or as much, in the normal cycle as in the long cycle. On 
the other hand, during lactation, when the corpora lutea become active and 
persist, the endometrium remains sensitized from the fourth to the seven- 
teenth day from delivery. After this time it is no longer sensitive (1,45). 

OVIDUCT, The distal folds of the oviduct are distended by fluid at the 
time of ovulation, and during the 12 hours that the distension lasts the 
eggs are in this part of the tube (i). When the eggs are shed, they are sur- 
rounded by granulosa cells which are dispersed by the first spermatozoa to 
reach them. The average size of the eggs is 71 X 76 /x (46). The tubo-uterine 
junction is 0.3 mm. from the tip of the uterus on the anterior side, not on 
the mesenteric side as in most mammals. The mucosal margin is slightly 
raised, and the last part of the tube is surrounded by a strong muscle (47) . 

PITUITARY. The cells of the anterior pituitary in relation to the cycle 
have been studied thoroughly, and the work has been summarized in a 
paper which also contains many original observations. It was found that 
the eosinophil cells do not vary in relative numbers during the normal 
cycle, but the granules are more distinct when the females are in heat. There 
is, however, a drop in the proportion of these cells during the lutein phases 
of pseiidopregnancy and pregnancy. The basophilic cells become degranu- 
lated during diestrum (48) . 

Changes in the adrenal cortex in relation to the cycle have been described. 
The cells of the zona fascicularis and of the cell nests near the medulla are 
enlarged during heat, and their lipid content increases (49). Castration or 
ovariectomy of immature rats causes the gland to hypertrophy; if the op- 
eration is performed after puberty, however, atrophy results in females but 
not in males (50) . 
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PHYSIOLOGY OF THE FEMALE TRACT 

The application of X-rays to the ovaries of the immature rat in doses of 
540 r produces precocious puberty, while 830 r, or more, produce castrate 
atrophy of the accessory organs (51). In the adult female the castration dose 
is approximately 3,000 r, but the corpus luteum is entirely resistant to radia- 
tion (52), and in some cases the rats still experience estrous cycles (53). 

In general, the thyroid gland has little relationship to reproduction, but 
it has been reported that the feeding of 0.25 to 0,3 g. of thyroid substance 
daily to females for 3 to 5 days in the cooler parts of the year considerably 
increases the litter size. If it is done during hot weather, or if the dose is 
increased, adverse effects result (54) . 

It is well known that the thymus gland retrogresses at the time of puberty, 
but not in the gonadectomized anhnah The injection of pituitary extract or 
of estrogens accelerates, or brings about, this change (55) . 

Pseudopregnancy is induced by the sensitization of the corpora lutea of the 
cycle when the cervix uteri is stimulated. It has already been mentioned 
that the reaction depends upon the integrity of the abdominal sympathetic 
chain. If the stimulation of the cervix is done by a single electric shock during 
late proestrum or estrus, 86 per cent become pseudopregnant at once. On 
the first day of diestrum 54 per cent react at once, and 34 per cent have one 
more cycle. On the second day 13 per cent react at once, and 54 per cent 
have one more cycle. Stimulation during pseudopregnancy does not pro- 
long this period (56). Anesthesia of the animal during heat reduces the 
response considerably (57). Pseudopregnancy is also evoked by injecting 
prolactin; hence stimulation of the cervix is believed to cause the release of 
this hormone, which activates and maintains the corpus luteum (58), 

The pH of the vaginal contents during the normal cycle is as follows: 

Beginning of proestrum pH 5.4 

During estrus pH 4.2 

In diestrum pH 6,r 

In the ovariectomized rat the pH is 7.0, and, if 8 LU. of estrogen are injected, 
it falls to 4.1 (59) . These reactions are more acid than those recorded for 
most species. 

In diestrum the amount of fluid in the uterus weighs 0.025 g., but in 
estrus 0.5 g. is present. Removal of the fluid greatly delays the passage of 
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spermatozoa through the tract (60). The pH varies with the stage of heat. 
The following figures may be quoted (61) : 


Stage I pH 7.29 

Stage 11 pH 7.31 

Stage in pH 7.69 

Stage IV (diestram) pH 7.43 


It has been mentioned that ovariectomy does not always interrupt preg- 
nancy if it is done during the last third of that period. If the embryos are 
removed, the placentae are retained for the normal time, and paraffin pellets 
also remain in the uterus if placentae are present, either in the same or the 
opposite uterus (62). If all fetuses but one are removed, pregnancy is contin- 
ued when the ovaries are removed provided that the placentae are left in situ, 
but the birth mechanism is impaired. It would seem that part of the corpus 
luteum function is taken over by the placenta (63). This seems logical when 
it is remembered that the mare is normally able to go through most of preg- 
nancy without corpora lutea. 

The mean contraction rate of excised uterine muscle is lower (31 per 
hour) in estrus than in diestrum (52 per hour) (64) according to one paper, 
but according to another the reverse relationship holds. Contractions tend to 
begin at the tubal end (65) . Anaerobic glycolysis and O2 consumption are 
greatest at proestrum and lowest at the end of heat, but aerobic glycolysis 
shows the opposite relationship (66). Adrenalin inhibits contractions in all 
stages. The minimal effective dose in situ is 0.0003 mg. per kg. of body 
weight (67). 

If the ovarian bursa is opened, fecundity is reduced (68). Probably this is 
due to the chance given the eggs to escape, as it will be recalled that the 
upper third of the oviduct is distended with fluid at the time when the eggs 
have been shed (i). 

In the female rat creatine is absent from the urine only during diestrum; 
it is also absent if the rats are ovariectomized, and it reappears if estrogens 
are injected. It is absent in the mature male and present in the castrate, it is 
increased in amount following the injection of estrogens, and it disappears 
if androgens are injected (69). These results have been questioned (70). 
Choline esterase is higher in mature females than in young ones or in males. 
It falls after ovariectomy and is not restored by estrogens, but estrogen and 
progesterone together cause it to rise to normal, or higher (71). 
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There is a small quantity of estrogen in pregnancy urine but not in the 
placentae (72) . 

The pituitary of the rat is relatively rich in gonadotrophic hormones, and 
particularly so in follicle-stimulating hormone (73). The amount of gon- 
adotrophic hormones present is high at birth, rises to the twenty-first day, 
then falls a little until puberty, when the fall becomes abrupt. The amount 
remains at a low level until old age, when it rises slowly. Up to puberty the 
content of the female pituitary is greater than that of the male, but afterwards 
their relative amounts are reversed; this is due not only to the fall in the 
content in the female but to a rise in that of the male (74?75>76) . Ovariectomy 
causes the pituitary to become about 20 per cent more potent; it increases 
rapidly for the first 6 weeks after the operation, then the rate of increase 
becomes slower (77,78) . The increase is mainly in F.S.H. content, and slightly 
in L.H. Injection of estrogen into the ovariectomized female lowers the 
L.H. content to below normal level and causes the F.S.H. to fall to just 
above the normal content (79). 

The prolactin content of the pituitary of the female is about 0.28 bird units 
per mg. in the immature animal. It rises to 0.48 B.U. after maturity. During 
pregnancy it falls slightly, but in lactation there is a marked rise. After 
ovariectomy it falls gradually, reaching 0.18 B.U., which is practically the 
level in the normal male. The injection of estrogens or of progesterone raises 
the level to about 0.7 B.U. Treatment with 200 I.U. of estrogen daily for 20 
days is more effective than higher doses, which tend to depress the prolactin 
content (80). Prolactin is responsible for the exhibition of maternal be- 
havior, i.e., the retrieving and nursing instincts (81). 

The level of estrogens necessary to induce the fully cornified vaginal 
smear has been accepted as the '‘Rat Unit” of estrogenic activity. Tests must 
be made under standard conditions on at least 20 mature ovariectomized 
females. The International Unit (LU.) is approximately one third of the 
R.U. and is defined by the League of Nations Commission on Biological 
Standardization as the specific estrus-producing activity contained in 0,1 y 
(=0.0001 mg.) of a standard preparation of estrone (82). The potencies of 
various steroid hormones have been determined in terms of Rat Units and 
are on record (83) . 

The properties of estrogen in causing vaginal and uterine changes and 
also copulatory responses can be demonstrated in the immature rat. The 
latter is relatively insensitive until 30 days after birth, when the effective 
amounts are 10 R.U. of estrogen followed by 0.4 mg. of progesterone in a 
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single injection (84), or 2 R.U. of estrogen daily for 3 to 4 days (85). Some 
differences in the response to various estrogens have been observed; estrone 
is more potent in causing cornification and uterine hypertrophy, and estrioi 
is more potent in opening the vaginal introitus (86,87). 

In mature ovariectomized rats threshold doses of estrogen do not produce 
continuous heat even when they are injected daily. After the normal length 
of estrus the females cease to be in heat. With daily doses of 3.75 to lo.o LU. 
(i to 3 R.U.) a cyclical rhythm can be set up in many rats with a cycle 
length of 4.8 dr .1 days. If the pituitary, also, is removed, the mean length 
is the same, but with the additional removal of the adrenals cycles are sup- 
pressed, either anestrum or continuous heat ensuing. The cycles may be re- 
newed in some cases if cortin is injected (88). Desoxycorticosterone and 
progesterone have the same effect (89) . 

Sexual receptivity is produced more effectively by the injection of pro- 
gesterone along with estrogen than by estrogen alone. Thus, while 20 R.U. 
of estrogen alone produced receptivity in only 10 per cent of ovariectomized 
females and 100 R.U. in 90 per cent, 10 R.U. of estrogen with 0,4 I.U. of 
progesterone was 100 per cent effective (90) . 

Continued injections of estrogens into normal females are injurious to 
the ovaries; daily injections of 0.25 to 2.0 R.U. produce a state of continuous 
anestrum or of continuous heat. This is believed to be due to an effect of the 
estrogens upon the pituitary gland (91). 

The injection of estrogens into the immature rat causes hypertrophy of the 
uterus. The maximal increase is brought about by 0.5 y estradiol (6 RU.), 
0.075 y increases the weight about 50 per cent, and 0.025 y (0.3 R.U.) is with- 
out effect (92). 

It is now believed that estrogens cause the persistence of the corpus luteum. 
In the rat a minimum of 50 I.U. estrogens daily is needed to produce this 
effect, but the corpora lutea so produced do not last beyond 20 days, their 
normal duration in pregnancy (93) . 

The level of progesterone needed to maintain pregnancy in the ovariecto- 
mized rat is about 2 Rab.U. daily; i RabU. daily maintained 3 pregnancies 
in 8; below i unit the injections were ineffective (94), This hormone, if in- 
jected into the normal pregnant rat, prolongs gestation for from 30 to 
150 hours, but after 70 hours the fetuses are nonviable (95) . In pseudopreg- 
nant rats after ovariectomy 1.5 Rab.U. given over 4 to 8 days were not 
sufficient to maintain the decidual reaction, but 3.0 Rab.U. and above were 
effective. Estrogen inhibits this effect if it is given in fairly large amounts, 
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but it augments the reaction in small doses. Thus, 0.15 y of estradiol aug- 
ments 1.5 Rab.U. of progesterone, but 3 7 inhibits the effect of 3 Rab.U., and 
9 y inhibits 6 Rab.U. but 0.6 y augments them (96). Progesterone will not 
prolong the life of deciduomata indefinitely (97). 

A very large amount of work, in which the rat has been used as the experi- 
mental animal, has been done upon the effects of gonadotrophic hormones 
and especially upon pituitary-gonadic relationships. As the object of this 
book is to bring together as far as possible the major quantitative data, much 
has been neglected unless it seemed to throw light upon the physiology of 
the species. We now give some data relating to the major reactions produced 
by these hormones. 

The ovary of the immature rat will not respond to the injection of gonado- 
trophic hormones by the growth of follicles before 21 days, and apparently a 
well-developed granulosa is necessary for this to occur (98). F.S.H. alone 
will not cause the ovaries to develop beyond a weight of 45 mg., and L.H. 
alone will not cause any increase at all; but, if F.S.H. is present to cause fol- 
licular development, L.H. is able to act and will produce a large increase in 
weight (99). International and Rat standards have been adopted in some 
cases. These are measured by the amount of substance needed to double 
the weight of immature ovaries under certain standard conditions. At pres- 
ent there is some confusion as the method of testing varies with the labora- 
tory. One of the most pressing needs is the adoption of standard methods 
of assay and their general application. 

It is possible to obtain superovulation in immature rats by carefully regulat- 
ing the dose, and in these animals as many as 23 young may be born, and 
up to 33 embryos have been found. The maximum prolificacy has been ob- 
tained when the rats were treated just before the normal time of puberty 
(100). Sixteen R.U. of P.M.S. is about the optimum dose for this purpose; 
a greater amount causes too much luteinization (loi). With F.S.H. an 
average of 17 implantation sites was produced against a normal of 10 for 
mature rats. Ten to fifteen R.U. was the optimum dose, and the number of 
young born was almost never in excess of normal, and the average was 6.4 
against 9,0 for normals (102). These rats were slightly younger than those 
used in the P.M.S. work. In mature rats superovulation is not produced, but 
the injection of 12 R.U. of P.M.S. in metestrum does increase the average 
litter size if the rats are bred at the next heat period, but not beyond the 
normal extreme (103), 
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The injection of 2 R.U. of estrogen daily for 30 days or more impairs the 
gonadotrophic function of immature rats (104), and 10 R.U, daily for 5 days 
degranulates the pituitary basophils and, to a lesser extent, the eosinophils 
(105). 

Castration and ovariectomy cause changes in the anterior pituitary. The 
most marked of these is the production of highly vacuolated (signet-ring) 
basophil cells. These changes may be prevented in the female by a minimum 
of 2 B.U. of androgens daily, but the male requires 10 B.U. (106). Estrogens 
prevented changes when given daily in doses of 0.03 R.U. to females and of 
0.4 R.U. to males (107). Progesterone does not prevent them in doses up 
to 3 mg. (108). Ovariectomy increases the gonadotrophic potency of the an- 
terior pituitary. After 5 days the latter is nearly 4 times as potent as the 
normal; at 60 days, 31 times; and eventually, 52 times (109). These figures 
relate to the gland as a whole. 

The minimum doses of hormones which will produce pseudopregnancy 
appear to be as follows: estrogen, 200 I.U. daily (no); testosterone, 2.5 to 
5.0 mg. given over 10 days (in); testosterone propionate, o.i mg. daily for 
16 days (112); progesterone, i mg. daily for 9 to n days (113). They act 
by modifying the anterior pituitary function. 

Large acidophilic cells appear in the anterior pituitary during pregnancy. 
These cells increase in numbers from 3 days to 12 days, after which there is 
no further increase, but they persist throughout pregnancy and lactation. 
They also appear in pseudopregnancy and last about 12 days (114). Hypo- 
physectomy before the eleventh day of pregnancy is followed by resorption 
of the fetuses; when performed at from ii to 20 days of pregnancy? normal 
young are born after a prolonged gestation; but if the operation is performed 
on the twenty-first day, normal parturition follows (115). Pregnant mare’s 
serum will not maintain pregnancy in early hypophysectomized rats, but 
20 LU, daily of prolactin does so in most cases (116), 

Large doses of estrogens injected before the nineteenth day of pregnancy 
cause the death of the fetuses, but not after this time (117). Injection of 500 
7 of testosterone propionate daily during late pregnancy delays parturition. 
If injected early it prevents, or modifies, fetal development (118). Injections 
made before the sixteenth day produce modifications in the accessory sex 
organs of female fetuses. Administration of 750 to 3,300 LU. causes vasa 
deferentia to be produced in all female young, but intermediate doses above 
300 I.U. cause them to appear in some of the fetuses, Androsterone is just as 
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effective on an LU. basis, whereas androstene-dione is not quite so effective* 
The order o£ sensitivity of the tract in increasing difficulty of modification is 
as follows: 

Ventral prostate 
Posterior prostate 
Coagulating gland 
Seminal vesicles 
Vas deferens and epididymis 

The Wolffian duct of the left side is more sensitive than that of the right 
(119). Similar injections of estrogens produce effects in male embryos. With 
injections of i.o mg. of estradiol dipropionate slight hypospadias was pro- 
duced in male fetuses; with 2.0 mg. there was a change in the position of the 
gonad and the degree of hypospadias increased, or the external genitalia 
were modified toward the female. From 3,0 mg. upwards the injections 
caused the external genitalia to be female. No effects were observed upon the 
testes, but there was a relative inhibition of the epididymis, vas deferens, and 
prostate. The Mullerian ducts remained vestigial (120). 

A summary of the relationships between body weight and the weights of 
parts of the reproductive tract, together with much data on prenatal growth, 
has been published in convenient form (121). 

THE MALE 

In male rats in the University of Chicago Colony sperm heads appear in 
the testes at 33 to 35 days of age. Treatment with anterior pituitary prepara- 
tions did not hasten their appearance by as much as 2 to 3 days, but it did 
accelerate the development of the accessory tract (122). 

The plug formed in the vagina during copulation has two prongs which 
fit into the cervices. The vulval end is pointed in contrast to that of the mouse, 
in which species it is blunt. It gradually disappears by disintegration (123). 
The semen is, in part, injected directly into the uteri, as spermatozoa appear 
at the apices within 2 minutes after copulation (124). By 15 minutes after 
coitus they are in the uterine segment of the oviduct in 42 per cent of cases, 
and in the ovarian segment in 21 per cent. In 30 minutes the corresponding 
figures are 88 and 62 per cent. After an hour has elapsed spermatozoa can 
be found throughout the tract in all cases. Only a small proportion of those 
which are deposited in the female reach the infundibulum (125) . 

The copulation plug appears to be necessary for the effective insemiAatioa 
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o£ the female, In spite of the belief that some semen Is Injected directly into 
the uterus* Removal of the vesiculae seminales and the coagulating gland, a 
portion of the prostate, was followed by infertility in the majority of in- 
stances. In some cases where the operation was apparently incomplete, sper- 
matozoa were found in the uteri only when a plug had been formed (126). 

Spermatozoa can survive in the uterus up to 12 hours, in the vagina for 
1434 hours, and in the oviducts for 16 to 17 hours (127). Those which are 
stored in the epididymis, with the vasa efferentia ligated, remain capable of 
motility for 42 days, and of fertility for 21 days (128), If the testes are an- 
chored in the body cavity, sperm survival is not affected, but castration re- 
duces their life to 14 days (129). Testes which are anchored in the abdominal 
cavity cease sperm production within 5 days, hut there is no diminution 
in the output of hormones, at least up to 60 days (130). 

The pH of various parts of the male tract has been given as follows (131) : 


Testes 

Epididymis 

Prostate 

Seminal vesicles 


pH 7.2 -7.4 
pH 6.5 -6.6 
pH 7.14 
pH 6.32-6.34 


The effects of the failure to produce testosterone after castration are made 
apparent by a degranulation of seminal vesicle cells in 2 to 3 days (132), and 
by similar damage to the prostate cells within 5 days (133). The weight of 
the seminal vesicles decreases to about one fifth in 5 weeks, but subsequently 
a partial recovery ensues (134). This may possibly be related to the secretion 
of androgens by the adrenal cortex, as this organ is able partially to maintain 
the weight of the ventral prostate in the castrated rat; the effect, however, is 
said to cease after they are 31 days old (135). The vas deferens does not have 
spontaneous motility but acquires it after castration (136). Androgens re- 
store the immotility, but estrogens do not (137) . 

The ventrocaudal part of the scrotal sac is reddish yellow in color and is 
wrinkled. These are secondary sexual characters as they are lost after castra- 
tion (138). After this operation the scrotum loses weight and its muscle 
contracts with much less readiness than formerly (134). 

In the Long-Evans strain the prepuce begins to cornify at 31 days of age, 
cleavage to two surfaces begins at 45 days, and separation is complete at 52 
days. If the rats are castrated at 26 days of age, 0.012 mg. of testosterone 
propionate daily causes separation in 3 weeks, and larger doses shorten the 
time (139). If rats are castrated at birth, the minimal effective daily dose of 
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testosterone needed to grow the accessory organs is; to 20 days, 0.03 mg.; 
at 30 days, 0.025 mg.; and from 40 to 60 days, 0.005 mg. After this time the 
amount needed increases rapidly to 0.025 mg. (140). In adult life the amounts 
needed daily to maintain various structures are given below: 

SEMINAL VESICLES 

PROSTATE WEIGHT GRANULES 

Androsterone (141) i mg. >2 mg. 

Testosterone (142) 0.03-0.05 mg. 0.2 mg. 0.6 -0,7 mg. 

Testosterone propionate (142) <! .05 mg. 0.15 mg. 


The amount of testis tissue needed to maintain normal prostate and seminal 
vesicles is 0.07 g., or 3.1 per cent of the total testis weight (143). It may be 
inferred that the testes are capable of secreting about 20 mg. of testosterone 
daily if the fragment of testis continues to secrete at the normal rate, an 
ample margin of safety. 

In the immature rat the daily injection of .05 mg. of testosterone propionate 
prevents normal testicular growth (144), but higher doses, i.e., 30 mg. a 
week for 4 weeks, stimulate the growth, — unless they are continued for a 
longer period, when inhibition results (145). In immature hypophysecto- 
mized rats 2 mg. daily induces sperm formation. Smaller doses are ineffective 
though they stimulate growth of the accessory organs (146). 

The anterior pituitary of the castrate is twice as potent in gonadotrophic 
hormone as is that of the normal (77). The potency is mainly in F.S.H., and 
it continues so to the twentieth day; from then to 9 months more L.H. is 
produced, and after that time F,S.H. again (147). 

The injection of i R.U. of P.M.S. daily in immature rats caused the testis 
tubules to develop, but no hastening of spermatogenesis was observed. The 
interstitial tissue also developed. High doses caused tubule damage (148). 
The daily injection of 0.5 M.U. of P.M.S. maintained the testis weights of 
hypophysectomized rats if the injections were started at once, but did not 
maintain fertility; 1.0 M.U. daily was necessary to do this. If treatment was 
delayed, 5 M.U. were needed to maintain testis weights, but fertility was 
lost. Pregnancy urine was less effective in immediate treatment, but more 
so in delayed treatment (149). The daily injection of 10 to 25 R.U. of preg- 
nancy urine into normal immature rats did not hasten puberty, but, injected 
into immature hypophysectomized rats, it caused development of the in- 
terstitial tissue and accessory organs, though regression set in after about 
30 days (150). 
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The prolactin content of the pituitary of the male is about 0.16 B.U. per 
mg. of tissue. It varies little in the cryptorchid, but falls to about 60 per cent 
in the castrate (80) . 
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Other MURIDAE 


SPECIES 

BREEDING 

SEASON 

GESTATION 

OF 

PERIOD 

YOUNG 

HABITAT, 

ETC. 

Acotnys cahirinus 
Desmarest 

Cairo Spiny Mouse 



days 

Egypt 

A. ignitus 

Dollnian 

Jan.-Oct. 

(Heller) 

1-2 


E. Africa 

A, perctvali 

Dollman 

July-Oct. 

(Heller) 

1-2 


E. Africa 

A. wilsoni 

Thomas 

Embryos July 
(Heller) 

U 4 


E. Africa. 2 records 

Aethomys chrysophilus 
De Winton 

African Bush Rat 

Embryos Oct- 
Nov. 

(Shortridge) 

2-4 


Cent, and S. Africa 

A, namaquensis 

A. Smith 

South African Rock Rat 

Breeds ail year 
(Shortridge) 

2-5 


S. Africa 

Apodeiyius fodmis 
Schreber 



21 

days 

N. Europe and Asia 

A, sylvaticus L. 

Probably 2-9, 

polyestrous usually 

(Heape). Most 4-5; mean 
of year. Cycle 4.8 .r 

6 days; post- 
parturient heat 
(Laver) 

23-26 

days 

Europe and W. Asia 

Cricetomys gambianus 
Waterhouse 

Giant Rat 



42 

days 

N. and Cent. Africa 

Dasytnys helti\us 

Heller 

Shaggy-haired Rat 

Embryos Jan., 
Aug. (Heller, 
Loring) 

3 


E. Africa. 2 records 

D. ntidipes 

Peters 

Water Rat 

Apr.-Oct. 

(Hill, Short- 
ridge) 

2-4 


Angola 
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SPECIES 

BREEDING 

SEASON 

GESTATION 

PERIOD 

YOUNG 

HABITAT, 

ETC, 

Leggada hdla 

Thomas 

Pygmy Mouse 

Embryos Aug. 
(Shortridge) 

3“-5 

E. and Cent. Africa 

Lemniscomys griselda 
Thomas 

Single-striped 

Grass Mouse 

Polyestrous 

(Fitzsimons) 

5~I2 

(Fitzsimons) ; 

2~4 (Hill) 

E. and S. Africa 

L. striatus L. 

Striped Grass Mouse 

Oct.-Dec. 

(Sanderson) 


E. and W. Africa 

Mdacomys longipes 

Mil ne-Ed wards 

March-June 

(Sanderson) 


Cent. Africa 

Microtnys mintitus 
Pallas 

Little Harvest Mouse 

Probably 
polyestrous 
(Heape). In 
summer 
(Laver) 

5“9, 

usually days 

6-8 

Europe and Asia 


Millardia meltada 

Gray 

Metad Rat 


6-8 

India 

Neso\ia \o\ 

Gray 

Indian Mole Rat 


8-10 

India 

Noiomys gotddii 

Gray 


4 “^ 

Western Australia 

Ochrotnys tvoosnami 
Schwann 

Desert Rat 

Embryos Nov. 
(Shortridge) 

2 

S. Africa, i record 

Oenomys hypoxantlnts 
Pucheran 

Rufous-nosed Rat 

Oct.-Apr. 

(Sanderson) 


E. and W. Africa 

Pelomys f rater 

Thomas 

Creek Rat 

Born about 

Apr. (Hill) 

2-3 

Angola 
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SPECIES 

BREEDING 

SEASON 

GESTATION 

, PERIOD 

YOUNG 

HABITAT, 

ETC. 

Rhabdomys pumilio 
Sparrman 

Striped Rat 

PolyestrouSj 

Sept.-Apr, 

(Fitzsimons) 

3-8 

E. and S. Africa. 
Puberty at 3 mos. 
(Powell) 

Thallomys damarensis 
De Win ton 

Damara Tree Rat 

Embryos Sept, 
Oct (Short- 
ridge) 

1-4 

S.W. Africa. 2 rec- 
ords 

T. nigricauda 

Thomas 

Black-tailed Tree Rat 

Sept-Apr. 

(Shortridge) 

2-4 

S. Africa 

Vatidelettria olcracea 
Bennett 

Long-tailed Tree Mouse 


3-4 

India 


APLODONTIIDAE 


SPECIES 

BREEDING 

SEASON 

NO. 

OF 

YOUNG 

HABITAT, 

ETC. 

Aplodontia ntfa 

Born mid-Apr. 


Western N. America 

Rafinesque 

(N.A.F.55) 

or 5-6 


Mountain Beaver 





ZAPOTIDAE 

Zapushudsonius Zimmermann 

JUMPING MOUSE 

The j um ping mouse of central and eastern North America has one litter 
a year in New York (i), and probably in North Dakota (2), but further 
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south it has more, sometimes in July or, more frequently, in September. In 
the north the season of mating is May, and the young are born in June (i). 
The litter size is 5 to 8, mean 7.0. 

r. Hamilton, W. J., Jr. Am. Midland Nat., 16: 1S7-200, 1935. 

2. Bailey, V. North American Fauna, No. 49, 1926. 


Other ZAPOTIDAE 


SPECIES 

BREEDING 

SEASON 

NO. 

OF 

YOUNG 

HABITAT, 

ETC. 

Napaeozapus itjsignis 

Born late June 


Eastern N. America 

Miller 

to early July, 

usually 


Woodland Jumping 

sometimes second 

4 


Mouse 

litter Sept 
(Hamilton) 



Zaptfs princeps 

Allen 


4-7 

Rocky Mountains 

Z, trinotatxis 

One litter a year 

4-8 

Western N. America 

Rhoads 

(N.A.F.55) 




JACULIDAE 

SPECIES 

BREEDING 

SEASON 

GESTATION HABITAT, 

PERIOD ETC. 

YOUNG 

Dipus sagitta 

Apr.-Aug., 

2-5; mode 


E, Europe, W. Asia. 

Pallas 

mostly mid-May 

3, mean 


Early young breed 

Jerboa 

to mid-Aug. 2 

3.0 ± .05 


year of birth 


litters a year 



(Fenink and Kazant- 





zeva) 

Jacuhif orientalis 



42 

N. Africa 

Erxleben 



days 



Jerboa 
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BATHYERGIDAE 


SPECIES 

BREEDING 

SEASON 

NO. 

OF. 

YOUNG 

HABITAT, 

ETC. 

Cryptomys damarensis 
Ogiiby 

S.W. African Mole Rat 

Born Apr. Prob- 
ably a fixed 
breeding season 
(Shortridge) 

5 

Testes in body 

C. mechowii 

Peters 

Large Mole Rat 

Born Jan.-Feb. 
(Hill) 

1-2 

Angola. Has 
an osciiloridis 
(Thomas) 


THRYONOMYIDAE 


Thryoiiomys 

swindkriamis 

Temminck 

Cane Rat 

Born June- Aug., 
probably fixed 
breeding season 
(Shortridge) 

2-4, 

usually 

3 

W. Africa 

CTENODACTYLIDAE 

Ctenodactyhis gimdi 
Rothmann 

Gundi 

Two breeding 
seasons, Jan, and 
Apr. Birth March 
and June 

1-2 

N. Africa 

Pelromus typicas 

A. Smith 

Dassie Rat 

Sept-Feb. 

(Shortridge) 

1-2 

S. Africa 


PEDETIDAE 


Pedetes cajer 

Pallas 

Spring Hare 

Breed once a 
year, Apr. 
(Shortridge) 

I, twins 
very rare 

S. Africa 

P. surdaster 

Thomas 


1 always 

Cent Africa 
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ERITHIZONTIDAE 
EntMzo7i dorsatmn L. 
PORCUPINE 


The common porcupine of North America mates during November. At 
this time the hair surrounding the mammary glands of the female temporarily 
acquires a cinnamon coloration. The number of young is nearly always i ; 
twins are very occasional. The period of gestation is i6 weeks (i). 

I. Struthcrs, P. H. J. Mammalogy, 9: 301-308, 1928. 


Erkhizon epixantham Brandt 
YELLOW-HAIRED PORCUPINE 


The yellow-haired porcupine which inhabits western North America has 
a breeding season in September and October (i). The number of young is 
usually but 2 are occasionally born. The duration of gestation has been 
given as 9 months, a length which must be queried in view of the known 
length in E. dorsatum. 


I. Bailey, V. North American Fauna, No. 55, 1936. 
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HYSTRICIDAE 


SPECIES 

BREEDING 

SEASON 

NO 

GESTATION 

OF 

PERIOD 

YOUNG 

HABITAT, 

ETC. 

Hystrix ajricae- 
australis 

Peters 

South African 

Porcupine 

Two litters a 
year (Haagner) 

I 4, 

usually 

2 

6-8 

weeks 

S. Africa 

H, cristata L. 

European Porcupine 



63 days, 

1 12 days 


H. hodgsoni 

Gray 

Crestless Himalayan 
Porcupine 

Spring 

(Blanford) 

2 


India 

H. leucura 

Sykes 

Indian Porcupine 


2-4 


India 

ECHIMYIDAE 

Proechi mys scfyiispinostis 
True 


2-“3 


Cent. America 


DASYPROCTIDAE 


Dasyprocta agouti L. 
Agouti 



104 

days 

S, America 

D. punctata 

True 

Agouti 

No fixed season 
(Enders) 

2 - 4 , 

usually 

2 


Cent and S. Amer- 
ica. Bursa incom- 
pletely surrounds 


the ovary 
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CAVIIDAE 
Cavia porcellus L. 
GUINEA PIG 


The guinea pig in the laboratory is polyestrous all the year round. Heat 
lasts for less than half a day, and the complete cycle is 16% days. The cyclical 
changes in the female tract of the guinea pig have been studied in more 
detail than in any other mammal The vaginal smear is a clear indication of 
the reproductive state, and its detailed investigation made possible the recent 
rapid developments in the fields of hormone isolation and physiological 
analysis. The number of young is usually 3 to 4, and the duration of gestation 
is about 67 to 68 days, a very long period for so small an animal. Ovulation 
is spontaneous and the corpus liiteum of the cycle is functional, in contrast 
to the condition found in all the Muridae which have been investigated. The 
vagina is closed by a membrane, which opens spontaneously at heat and 
which thus provides a useful index of heat if it is read in conjunction with 
the vaginal smear. 


THE ESTROUS CYCLE 

The age of puberty in the guinea pig is from 55 to 70 days under normal 
conditions of management. If the food is richer than usual, causing more 
rapid growth, puberty may occur at from 45 to 60 days; slow growth on poor 
food delays its onset. Puberty occurs at the same time whether males are kept 
with the females or not (i). One series of records gave a mean age at first 
heat of 67.8 ±: 2.0 days, with a standard deviation of 21.5 days, and a spread 
from 33 to 134 days. In this work it was found that the mean age at first 
rupture of the vaginal closure membrane was 58.2 days. The usual interval 
between first rupture and heat was from 0 to 4 days, and an appreciable num- 
ber of the long intervals were the duration of a cycle or a multiple of it, sug- 
gesting that in some cases the earlier heats are not so intense as later ones (2). 

The duration of the estrous cycle is usually given as 16% days. One set of 
data gives a modal length of 16 days (3) ; another, 17 days with a mean of 
17.7 ±: 1.8 days (4) ; and another a modal length of 15 to x6 days with a 
mean of 16.34 ±; .10 days, standard deviation of 1.89 days, and a spread of 
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13 to 25 days (5). A series in which the animals were observed at two-hour 
intervals instead of daily or twice daily gave a mean cycle length of 16 days, 
6 hours. As heat begins most frequently in the evening, the distribution 
shows a double mode, at 16 and 17 days (6) . Vasectomized copulation does 
not modify the cycle length (7,6). 

Proestrum, in which there is congestion and swelling of the external genitals 
and a slight serous discharge from the vagina, usually lasts from i to 
days, and heat or sexual receptivity lasts 6 to ii hours in 90 per cent of all 
cases (i). Another investigation gave an average of 8.21 ±: .07 hours, with a 
range from i to 18 hours, for the duration of heat (6). The vagina usually 
remains open about 4 days (4). Ovulation occurs usually at 10 hours after 
the beginning of heat or sexual receptivity. There is no relation between the 
length of heat and the number of follicles which rupture (8), but the nunv 
her is highest in those females with the most intense heat, as judged by the 
frequency with which they are mounted (9) . About 64 per cent of all heat 
periods begin between 6 p.xi. and 6 a.m., but during the months of short 
daylight, i.e., October to December, the curve of distribution of the onset 
of heat shifts about 2 hours and heat tends to begin earlier in the after- 
noon (6) . If the females are kept in the dark, they come in heat at any time; 
the tendency for heat to begin in the evening vanishes. Guinea pigs so kept 
do not change the length of the cycles nor the duration of heat (10) . 

There is little or no difference in the number of ovulations from the two 
ovaries, since 51 per cent of embryos were found in the left horn of the 
uterus (ii). As internal migration of ova is held to be impossible on anatomi- 
cal grounds (12), this must represent the proportion of ova shed from the 
ovary. The absence of internal migration has also been shown experimen- 
tally (13). 

The removal of corpora lutea immediately after heat shortens the cycle 
to II days (14). This represents an exceptionally long time required for the 
ripening of new graafian follicles. Heat occurs immediately after parturi- 
tion in about 64 per cent of females. It usually begins within 2 hours of the 
end of parturition but is short, lasting 3.5 hours instead of the normal average 
of 8.6 hours. It is always associated with ovulation, though more than half of 
those guinea pigs which did not come in heat had ovulated (15). 

Insemination at different times has given a maximum life for the ovum of 
30 hours, but within about 8 hours after ovulation the number of normal 
pregnancies and of eggs fertilized drops markedly. The data are summarized 
below (16): 
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TIME OF INSEMINATION 

PER CENT 
PREGNANT 

AVERAGE 
LITTER SIZE 

PERCENTAGE OF 
NORMAL PREGNANCIES 

HOURS AFTER 
OVULATION 

ConUols 

00 

2,6 

88 

8 

67 

^■7 

66 

^4 

56 

1.6 

27 

20 

31 

1*3 

10 

26 

7 

0 

0 

32 

0 

0 

0 


Pregnancy is said to be rare following a copulation in the first 3 or 4 hours 
of heat (i). The eggs arrive in the uterus about 3^4 days after they are 
shed (17). 

The average litter size for a very large number of individuals was 2.58 ±: 
.006; the range was from i to 8; the standard deviation, 1.02; and the mode, 
2 to 3. It is highest in spring and summer (18). The mode of the duration 
o£ gestation is 68 days, with a distribution of 58 to 72 days (16). Parturition 
occurs equally at any time of day (15), 

The sex ratio is 50.59 rh .19 males. Variations with litter size are not 
significant (18). The sex ratio of fetuses of various ages Is 55.9 ±: 2.09 (ii). 

d 

HISTOLOGY OF THE FEMALE TRACT 

OVARY* The cavity in some graafian follicles is established when the 
guinea pig is 4 to 7 days old, but the theca interna is not well diflferentiated 
at this time; mitoses are frequent throughout the ovary. At 18 days atresia 
has begun in many follicles (19). There is a wave of follicular growth dur- 
ing the cycle which begins 2 to 3 days after ovulation. The follicles grow 
at a constant rate until the beginning of heat, when rapid development sets 
in. Those which will rupture protrude from the surface of the follicle; the 
tunica albuginea is reduced so that the germinal epithelium and a much- 
thinned granulosa layer alone cover the follicle at the rupture point (20). 
The ovary of the guinea pig is remarkable for the extent and variety of forms 
of follicular atresia. The wave of follicular growth before heat produces in 
each ovary about 40 to 50 follicles with cavities, of which only about 2 are 
destined to rupture. Those which will not rupture can be detected about 
2 days before heat by degenerative changes in the granulosa next the theca 
interna. The nucleus of the ovum in these follicles is active, and the chromo- 
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somes arrange themselves along the equator o£ the spindle, where they re«- 
main. In a follicle which will rupture they are able to separate, and the first 
polar body is produced before ovulation. In the degenerating follicles the 
granulosa cells break up and are usually removed by cytolysis, but occasion- 
ally by phagocytosis, leaving a cavity which is reduced by the proliferation 
of the theca interna. In the smaller of these follicles the theca interna prolifer- 
ates rapidly and encloses the egg, which often fragments (7). This has been 
interpreted as a parthenogenic development (21,22) but, in the opinion of 
the writer and of others (23,24), the changes are definitely degenerative in 
nature. Unilateral ovariectomy doubles the number of ovulations from one 
ovary (9). 

The ripe follicle is about 0.8 mm. in diameter, and the ovum measures about 
65 When the follicle ruptures there is little hemorrhage, but a small pool 
of follicular fluid is retained in the center of the developing corpus luteum 
for 2 to 3 days. The formation of the corpus luteum proceeds along classical 
lines, but the theca interna, perhaps, contributes to a greater degree than it 
does in other species. Fatty degeneration sets in at about the thirteenth day 
of the cycle, and the corpus luteum is reduced to a few strands of connective 
tissue cells, which gradually merge with the stroma of the ovary. The mature 
corpus luteum is oval in shape, at right angles to the surface of the ovary, 
and it is very difficult to extirpate completely because of its depth and the 
high vascularity of the ovarian stroma (25,7) . 

A striking feature of the ovary of the guinea pig is the great frequency 
with which cysts of the rete ovarii develop (9). 

VAGINA. During diestrum the vaginal epithelium is thin, consisting at 
first of a low stratified squamous type with a ragged appearance. After 8 
to 10 days it becomes more regular and the lower layer is cuboidal or 
columnar, with long flat cells overlying it. As heat approaches, an intense 
proliferation takes place; the epithelium becomes several cells thick, with the 
superficial layers flattened. At the beginning of heat these cells cornify and 
tend to desquamate, a process which becomes more rapid as heat continues. 
Toward the end of heat the vaginal wall, which has become very congested 
and edematous, is invaded by large numbers of leucocytes, which penetrate 
through the epithelial layer and pass into the lumen. Desquamation is par- 
ticularly severe during metestrum, but repair soon sets in and the epithelium 
is restored to the typical diestrous state. During pregnancy the epithelium 
changes to a high columnar mucous type (26,27). The vaginal smear changes 
during heat and metestrum. At the beginning leucocytes disappear, squamous 
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epithelial cells are present, followed by cornified cells, then by small epithelial 
cells, and lastly by an invasion of leucocytes. A late stage of metestrum has 
been described (26) in which red blood cells are present; this has been denied 
by others (28), but in the writer’s experience it occurs occasionally and is 
caused by bleeding from the uterus. An outline of the various schemes which 
have been suggested for classifying the stages of the cycle is given in table 
4. The smears in the postparturient heart are not typical (27) . 


Table 4. Vaginal Smears of the Guinea Pig 


STOCKARD AND 
PAPANICOLAOU (26) 

SELLE (28) 

YOUNG (29) 

STAGE I 

a. Squamous epithelial cells 
staining gray with H. and 
E. Pycnotic nuclei; abun- 
dant mucus ' 

STAGE I 

i 

1 

1 

1 

STAGE la 

Superficial cells only, 25 per 
cent come in heat 

b. Cornified cells staining 
red with PL and E. 

STAGE II 1 

STAGE Ib 

Early: less than 23! . 

per cent cornified 
^ Uentm 

Middle: 25-75 per 

cent cornined 

Late: 75 per cent or more 
cornified. i5"2o per cent in 
heat 

Ovulation in Stage Ib 

STAGE III 

Cornified and small 
epithelial cells, or epi- 
thelial cells only 

STAGE II 

Nucleated epitlielial cells; 
smear abundant and cheesy 

STAGE II 

STAGE III 

Liquefaction of cheesy 
mass; cells as last, with 
numerous leucocytes 

STAGE IV 

STAGE III 

STAGE IV 

Slight hemorrhage, not al- : 
ways present 

Absent 



UTERUS, During the vaginal stage la there is some growth of the uterine 
epithelium, the cells are tall and pseudostratified, and the surface tends to be 
irregular. The glands are not well developed, are inactive, and contain no 
mitoses, In stage Ib the mucous layer becomes very edematous, and the 
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usual leucocytic invasion begins. Rare mitoses may be found in the glands. 
In stage 11 the epithelial cells tend to become vacuolated. In stage III vacuo- 
lization increases, the epithelium breaks, patches are shed, and the leucocytic 
invasion is well marked. At i to 2 days postestrum the uterine wall is still 
somewhat broken, but edema has subsided and repair is in progress; a few 
mitoses are present in the gland cells but not in the stroma, which is very 
vascular. The glands are swollen with secretion. At 3 days the glands are 
much more tortuous, the cells are swollen so as to obliterate the lumen 
which has hitherto been open, and mitoses are abundant. The epithelium 
is tall, with nuclei at the bases of the cells, the upper margins of which are 
level. Mitosis has ceased. The mucous layer is thicker. At 7 days the gland 
cells have secreted into the lumen and hence have shrunk in size. The 
epithelium is cubical to columnar, and mitoses are common in the stroma 
cells. At 10 days the glands are retrogressing and are less coiled; at 14 days 
the retrogression is still more apparent. Occasionally in metestrum one finds 
extravasation of blood, which gathers as hematoma below the epithelium 
and passes into the lumen of the uterus, and hence into the vaginal smear. 
In one guinea pig seen by the writer the hemorrhage was so severe that it 
killed her (30, 7). 

OVIDUCTS, The tubo-uterine junction is very complex. The isthmus is 
tortuous with moderately firm muscular wells. The mucosa has 4 major 
primary folds with a minor primary fold in the furrow between each pair. 
The tube passes through the uterine wall at right angles to the uterus and 
opens into the cavity about 0.5 mm. from its tip. The entrance is guarded 
by mucosal lips which are glandular. A thick spincterlike muscle extends 
into these lips. The tube is further guarded, just before its extension into 
the uterus, by a papilla which projects into its lumen (31). Attempts to 
force fluid from the uterus into the oviducts failed; the uterus always rup- 
tured first (32) . 

PITUITARY, Variations in the number of cells of different types in 
the anterior pituitary in relation to the cycle are not statistically significant. 
Granulation is highest at 6 to 8 days postestrum, then falls, rises again to the 
beginning of heat, and falls rapidly during heat. These remarks apply both 
to acidophils and basophils. The Golgi apparatus hypertrophies during the 
first half of the cycle and tends to fragment during the second half. The 
mitochondria tend to concentrate in the Golgi zone while it is intact, and 
to scatter when it is not. They tend to concentrate at the periphery of many 
cells in proestrum and estrus (33). The degranulation during heat has been 
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observed by others (34). There are no special pregnancy cells, but both types 
of chromophils tend to degranulate at this time (35). The special type of 
castration cells formed after operation in many species is not found in the 
guinea pig of either sex (35,36) . 

It is said that the thyroid gland undergoes cyclical proliferation which is 
connected with the estrous cycle. It is at a maximum at 4 to 8 days after 
heat and at a minimum at 8 to 10 days (37). 

PHYSIOLOGY OF THE FEMALE TRACT 

The estrous cycle is upset if the uterus is removed. This is due to the 
persistence of the corpus luteum, which may last for a considerable time 
(38,39). Hysterectomy during heat or in gestation prevented the recurrence 
of cycles for at least 5 months. If the operation was performed before puberty, 
the first heat occurred at the normal time, but the corpora lutea persisted and 
no further heat periods ensued (40). This phenomenon is shown in a re- 
duced degree by the rabbit but not by the rat. Its cause is obscure and requires 
further work. 

Ovariectomy before the twenty-sixth day of pregnancy has always resulted 
in abortion or resorption of the embryos, but after this time, occasionally, 
the pregnancy continues normally (41,42). 

If the uterine mucosa is traumatized at any time from the third to the 
eighth or ninth day after heat, deciduomata are produced. The reaction de- 
pends upon the presence of the corpora lutea (43), and it has been elicited 
in other species and in ovariectomized animals given progesterone. 

Contractions of the uterus are not so great, but are more frequent, during 
diestrum when the corpora lutea are active (44,45) . The frequency is highest 
at 4 days postestrum, and it slows to the rate found during heat by the tenth 
day. In the ovariectomized female the uterine muscle has the same slow 
rate of contraction, but the injection of i mg. of progesterone increases it 
beyond that found during the cycle, and 2 mg. still further increases the 
rate (45). 

No estrogens have been found in the urine during diestrum, but when 
the female is in heat 250 R.U. per liter have been observed. During early 
pregnancy there is none; at 20 days, 250 R.U. per liter; and at 40 to 63 days, 
500 R.U, per liter (46) , 

The gonadotrophe level of the pituitary is low, one quarter (or less) that of 
the rat; ovariectomy increases the amount whereas estrogens depress it (47). 



RODENTIA 


303 

Follicle stimulator is low, and it appears to be at its maximum just before 
heat (48). Luteinizer is at least ten times less than the level in the rads 
pituitary (49). 

The prolactin content of the pituitary is low; in immature females it is 
220 B.U. per g., in mature females 520 B.U. per g. In lactating females and 
in males it is higher, and the injection of estrogens also raises it (50). The 
level is higher during heat than it is in diestrum (51). 

It is very difficult to induce sexual receptivity in the spayed female by the 
injection of estrogens, but the injection of 40 I.U. of estrogen, followed 36 
to 48 hours later by 0.2 LU. of progesterone, invariably caused the females 
to be receptive to the male (52). In later experiments the use of 50 LU. of 
progynon B (estradiol benzoate in oil) as the primer, with o.i LU. of 
progesterone, was successful in 73 per cent of the animals. Lower doses 
were much less effective, but when the progesterone was increased to 0.4 
LU., the successes rose to 92 per cent. When the dose of progesterone was 
kept at 0.2 LU. and the priming dose was varied, 20 LU. of estrone was 33 
per cent successful and the percentage rose gradually to 80 per cent with 
50 LU., after which there was not much gain (53) . At 2 to 6 days of age the 
immature females are entirely unresponsive to these injections, but at 15 
days there is some response, and a complete response is given at 30 days 
of age (54). 

The spayed adult guinea pig requires 0.65 LU. of progesterone daily for 
6 days to sensitize the endometrium so that it will produce deciduomata. 
If the injections were preceded by estrogens, the reaction was slightly in- 
tensified. Continued progesterone injections caused the uterine mucosa to 
become refractory. Immature animals required i LU. daily to produce sensi- 
tivity (55). In the normal animal a minimum of 100 to 160 R.U, of estrogen 
suppresses the power to give a decidual reaction (56). 

The ovary of the guinea pig is very refractory to the injection of gonado- 
trophic hormones or to pituitary implants. This is largely due to the ease 
with which the theca interna of the follicles becomes luteinized. It is most 
difficult to grow normal follicles, but it can be done by the implantation 
of four guinea pig pituitaries daily (7). 

The injection of P.M.S. into immature females causes little increase in 
ovarian weight, but the uterus is greatly enlarged (57). Injection into adults 
3 to 5 days before heat was expected caused a great growth of the ovaries. 
These organs increased with progressive increase in dosage to 350 per cent 
at 150 R.U,, and to 400 per cent with 500 R.U. The increase was mainly due 
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to theca luteinization and, at the higher doses, edema; but there was sent 
granulosa luteinization, especially at the higher levels. The uterus increased 
in weight, with a maximum increase at lOO R.U., after which it became less 
with progressively higher doses. Heat occurred at the usual time, but ovula- 
tion was suppressed as there were no follicles in a condition to rupture (58)^ 
The injections caused an enlargement of the clitoris similar to that found 
when pregnancy urine is injected (59). The injection of 4 mg. of testosterone 
propionate daily prevents follicular gro\vth and ovulation (60). 

The relaxation of the pelvic girdle normally found at parturition and the 
need of the corpus luteum hormone, relaxin, to produce this effect have been 
investigated (61). The prenatal growth of the guinea pig has been the 
subject of considerable study (11,62). 

THE MALE 

The growth rates o£ the testes and accessory organs accelerate from 30 to 
40 days of age. Electric ejaculation technics show that some secretion is 
present at 21 days at the earliest, and most males respond at 30 days. The 
first spermatozoa appear at 50 days, and their production is fairly uniform 
by 70 days (63) . If one testis is removed before puberty, hypertrophy occurs 
in a few cases. This is believed to be not compensatory hypertrophy but an 
acceleration of growth (64), 

Spermatozoa stored in the isolated epididymis retain their fertility for 
20 to 35 days, and they remain motile for 59 days (65) . If the epididymides 
are placed in the abdomen, motility lasts only 14 days. If they are scrotal but 
the testes are removed, motility ceases after 33 days (66), The injection o£ 
androgens increases both motility and survival time (67) . 

Electric ejaculation is a convenient means of obtaining semen for study. 
The male is lightly anesthetized. One electrode is placed through the skin 
on the back of the neck at the base of the skull. The other, a blunt one, is 
put in the mouth and a 33-volt A.C. current is passed. The normal amount 
of semen thus produced is 1.5 to 3 g. There is no seasonal difference in the 
amount (68), 

Spermatozoa probably take 14 to 18 days to pass through the epididymis. 
If it is isolated from the testis, the time increases to 25 to 35 days (69) . In 
the female they retain their fertility for 22 hours, but beyond 17 hours it 
is reduced (70). 

A copulation plug is normally formed in the vagina after coitus. If the 
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proximal prostatic lobe is removed, this no longer happens. The anatomy 
and histology of the prostate is described in detail in this paper (71), and 
the seminal vesicles, which are large and produce a jellylike secretion, have 
also been carefully investigated (72) . 

The accessory organs tend to increase in weight up to 600 g. of body weight. 
Castration causes them to decrease to 50 per cent of their former weight, a 
reduction which is usually complete by 30 days after castration (73). Castra- 
tion also leads in the young guinea pig to arrested atrophy and subsequent 
hypertrophy of the thymus (74) . 

After hypophysectoniy the testes decrease from 2.5 to 3.5 g. (the normal 
weight) to 0.5 g. This decrease takes 45 days, but spermatogenesis ceases at 
35 days. Spermatozoa are found in the tubules to 56 days, though they are 
few after between 5 and 14 days. The rate of decrease of the accessory or- 
gans is at about the same rate as after castration (75). After hypophysectomy 
the injection of 3 mg’, of testosterone propionate daily preserves spermato- 
genesis in most of the tubules (76). 

In the normal male 2 aig. daily of androgens for 30 days causes atrophy 
of the testes, but this effect is prevented if an extract of horse pituitary (rich 
in F.S.H.) is also given. There are differences in the responses of the prostate 
and seminal vesicles to individual androgens (77), 

The pituitary of the male contains twice as much gonadotrophe as that of 
the female. In the cryptorchid and castrate the content rises about 70 per 
cent (47). 
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to theca luteinization an4 at the higher closes^ edema; but there was some 
granulosa luteinization, especially at the higher levels. The uterus increased 
in weight, with a maximum increase at loo R.U., after which it became less 
with progressively higher doses. Heat occurred at the usual time, but ovula- 
tion was suppressed as there were no follicles in a condition to rupture (58). 
The injections caused an enlargement of the clitoris similar to that found 
when pregnancy urine is injected (59) . The injection of 4 mg. of testosterone 
propionate daily prevents follicular growth and ovulation (60). 

The relaxation of the pelvic girdle normally found at parturition and the 
need of the corpus luteum hormone, relaxln, to produce this effect have been 
investigated (61). The prenatal growth of the guinea pig has been the 
subject of considerable study (11,62). 

THE MALE 

The growth rates of the testes and accessory organs accelerate from 30 to 
40 days of age. Electric ejaculation technics show that some secretion is 
present at 21 days at the earliest, and most males respond at 30 days. The 
first spermatozoa appear at 50 days, and their production is fairly uniform 
by 70 days (63). If one testis is removed before puberty, hypertrophy occurs 
in a few cases. This is believed to be not compensatory hypertrophy but an 
acceleration of growth (64). 

Spermatozoa stored in the isolated epididymis retain their fertility for 
20 to 35 days, and they remain motile for 59 days (65). If the epididymides 
are placed in the abdomen, motility lasts only 14 days. If they are scrotal but 
the testes are removed, motility ceases after 23 days (66). The injection of 
androgens increases both motility and survival time (67) . 

Electric ejaculation is a convenient means of obtaining semen for study. 
The male is lightly anesthetized. One electrode is placed through the skin 
on the back of the neck at the base of the skull. The other, a blunt one, is 
put in the mouth and a 33-volt A.C. current is passed. The normal amount 
of semen thus produced is 1.5 to 3 g. There is no seasonal difference in the 
amount (68). 

Spermatozoa probably take 14 to 18 days to pass through the epididymis. 
If it is isolated from the testis, the time increases to 25 to 35 days (69) . In 
the female they retain tlieir fertility for 22 hours, but beyond 17 hours it 
is reduced (70). 

A copulation plug is normally formed in the vagina after coitus. If the 
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proximal prostatic lobe is removed, this no longer happens. The anatomy 
and histology of the prostate is described in detail in this paper (71), and 
the seminal vesicles, vi^hich are large and produce a jellylike secretion, have 
also been carefully investigated (72). 

The accessory organs tend to increase in weight up to 600 g. of body weight. 
Castration causes them to decrease to 50 per cent of their former weight, a 
reduction which is usually complete by 30 days after castration (73) . Castra- 
tion also leads in the young guinea pig to arrested atrophy and subsequent 
hypertrophy of the thymus (74) . 

After hypophysectomy the testes decrease from 2.5 to 3.5 g. (the normal 
weight) to 0.5 g. This decrease takes 45 days, but spermatogenesis ceases at 
35 days. Spermatozoa are found in the tubules to 56 days, though they are 
few after between 5 and 14 days. The rate of decrease of the accessory or- 
gans is at about the same rate as after castration (75). After hypophysectomy 
the injection of 3 mg. of testosterone propionate daily preserves spermato- 
genesis in most of the tubules (76) . 

In the normal male 2 mg, daily of androgens for 30 days causes atrophy 
of the testes, but this effect is prevented if an extract of horse pituitary (rich 
in F.S,H.) is also given. There are differences in the responses of the prostate 
and seminal vesicles to individual androgens (77). 

The pituitary of the male contains twice as much gonadotrophe as that of 
the female. In the cryptorchid and castrate the content rises about 70 per 
cent (47). 
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CHINCHILLIDAE 
Chinchilla laniger Bennett 
CHINCHILLA 


The chinchilla, a native o£ South America, breeds at any time o£ the year 
but is said to mate most readily in December and March (i), though accord- 
ing to one account most litters arc born in September and January, Mating 
is nocturnal (2). A copulation plug is formed, which is shed entire^ sur- 
rounded by the cornified layer of the vaginal wall. It hardens rapidly on 
exposure to the air. The estrous cycle is said by breeders to last 24 days and 
heat for 2 days (3). I£ it is correct^ this is a surprisingly long cycle length, 
but it is similar to that of the nutria, which is rather closely related to the 
chinchilla. The period of gestation is 105 to iii days (2), or iir days, and i 
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to 4 young are born at a time (4) . The female experiences a postparturient 
heat 12 hours after she has given birth (5). 

1. U.S.D.L, Bureau of Biological Survey, Wildlife Leaflet BS-i5r, 1940. 

2. Dennler, G, Deutsche Pelztierzucht, 14: 388-390, 1939. 

3. Asdell, S. A. Unpublished work. 

4. Brun, G. M. Am. Fur Breeder, 15: 20-26, 1942. 

5. Metayer, — Bui. Soc. Acclim. Fr., 80: 235-236, 1933. 


Other CHINCHILLIDAE 


SPECIES 

BREEDING 

SEASON 

GESTATION 

PERIOD 

YOUNG 

[ HABITAT, 

ETC. 

Chinchilla bremcatidata 
Waterhouse 


1-2 

125 

days 

S. America 

Lagostomus tridactylus 
Brookes 

Viscacha 

In England, any 
month of year; 
in Argentina, 
only in fall 
(Zuckerman). 
Late Apr. 
(Hudson) 

2 - 3 , 

usually 

2 

145 

days 

Southern S. America 


CUNICULIDAE 



Cunictdus paca 

True 

Spotted Cavy 


I 


Mexico and Cent. 
America, i record 
(Enders) 

HYDROCHOERIDAE 

Hydrochoerus kydrochoeris L. 

Capybara 


119^ 

126 

S. America 


days 








RODENTIA 


309 


CAPROMYIDAE 
Myocastor coypus Molina 
NUTRIA 


The South American coypu is bred for its fur and is known commercially 
as the nutria. The females are polyestrous, though in order to get them to 
breed through the winter the temperature must be kept at 60® F. (i). The 
cycle in young animals is 24 to 27 days, rarely 14 to 17; in older ones it lasts 
27 to 29 days. Heat lasts 2 to 4 days; it is rarely shown above the age of 3V2 
to 4 years (2). The shorter period quoted suggests that there may be pseudo- 
pregnancy in this species. The female first mates at the age of 8 months (i). 
There is aTarturition heat 48 hours after the young are born (3) . The average 
litter size is 9.6 (4) ; and the first litter is usually injured at parturition owing 
to the narrowness of the pelvis (2). The period of gestation is 135 to 150 
days (5). 

During the glandular proliferation of the uterus compact cellular nests 
proliferate toward one side of the existing glands and bud inwards to produce 
the complex progestational pattern (6). The anterior pituitary contains very 
little L.H. (7). 

1. Federspiel, M. N. Am. Fur Breeder, 13: 13-20, 1941. 

2. Kraetge, E. Deutsche Pelztierzucht, 12: 1 17-120, 1937. 

3. Matthias, K. E. K. Am. Fur Breeder, 14: 18-20, 1941. 

4. Lange, W. Deutsche Pelztierzucht, 14: 73-76, 1939. 

5. Federspiel, M. N. Am. Fur Breeder, 14: 14-21, 1941. 

6. Molina-Ahumada, J. B., and O. Orias. Rev. Soc. Argent. Biol., 18: 321-325, 1942. 

7. Lipschutz, A., and C, Oviedo, Compt. Rend, Soc. Biol., Paris, 118: 333-334, 1935. 
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PROCAVIIDAE 

Procat/ia capensis Pallas 
ROCK DASSIE 


T his South African classic has a pedunculated corpus luteum (i). Pooled 
data on the number of embryos (2,3) gave a mean of 2.44 ±: .054, with 
a mode of 2, and a range from i to 6. The young are born in November and 
December (3). The gestation period (observed) is 7^/‘i months (4). 

I. Wislocldj G, B. J. ISfammalogy, 9: 117-125, 1927. 

2. Wislocki, G. B., and O. P. van der Wcsthuysen. Coiitrih. to EnibryoL, Carnegie 
Inst, of Washington, 5x8: 65-88, 1940, 

3. van der Horst, C. J. Science, 93: 430, 1941. 

4. Murray, G. N. J. South Africa Vet Med. xA.ssn., 13; 27-28, 1942. 


Other PROCAVIIDAE 


SPECIES 

BREEDING 

SEASON 

SEASON 

OF 

BIRTId 

NO. 

OF 

YOUNG 

HABITAT, 

ETC. 

Procama {Dendrohyrax) 
arhorca 

A. Smith 

Tree Dassie 

No particular 

season 

(Shortridge) 


1-2, 

rarely 

3 

Africa 

P. syriaca 

In Giza Zoo, 

In Giza Zoo, 


N. Africa 

Schreber 

once a year 
(Flower). 

No particular 
season 

born mostly 
late March 
(Flower) 

mean 

2.6 



(Shortridge) 
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ELEPHANTIDAE 
Elephas maximus L. 
INDIAN ELEPHANT 


T he Indian elephant is said to be polyestrous, and in captivity estrus 
lasts for 3 to 4 days (i). The young are born^ one usually and rarely 
twins, from September to November, with a few at other times (2). The 
gestation period varied from 607 to 641 days in 6 observed cases, with a 
mean of 623.5 days. An average of 25 cases gave 21 months, 3 days, with a 
range from 17 to 24 months (3). 

The age at puberty is variously stated. One record shows that a male and 
a female were 9 and 8 years old respectively (4) , another that a male rutted 
at 15 years and a female calved at 13 years (5). More extensive records give 
14 to 15 years for the male, and a calving age of 15 to 16 years for the fe- 
male (6) . 

In the wild the preorbital glands of the male swell chiefly from November 
to February (7). A male elephant which was dissected had testes, wdiich are 
inguinal, weighing 2 kg. each. The seminal vesicles contained 1.5 liters of 
an opalescent gray fluid. The penis had no prepuce. The head length of 
the spermatozoa averaged 8.3 /a, and the tails about 42 (8). 

I. Marshall, F. H. A. The Physiology of Reproduction. London, 1922. 

2. Blanfordj W. T. The Fauna of British India, Including Ceylon and Burma. 
London, 1888-91. 

3. Burne, E. C. Proc. Zool. Soc., London, IT3A: 27, 1943. 

4. Foot, A. E. J. Bombay Nat. Hist. Soc., 38; 392, 1935, 

5. Robinson, G. C. J. Bombay Nat. Hist. Soc., 37: 950, 1935. 

6. Flower, S. S. Proc. Zool. Soc., London, 113A: 21-26, 1943. 

7. Sanderson, G. P. Thirteen Years Among the Wild Beasts of India. London, 1893. 

8. Schulte, T. L. Am. J. Anat., 61: 131-157, 1937. 
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Elephas {Loxodonta) africanus Blumenbach 
AFRICAN ELEPHANT 


In South West Africa the mating season is in January and February. One 
young is born, usually in June, and the female receives the male 5 to 6 
months after calving (i). Gestation is about 21 to 22 months long (2). 

1. Shortridge, G. C. The Mammals of South West Africa. London, 1934. 

2. Flower, S. S, Proc. Zool. Soc,, London, 113A; 2i“'26, 1943. 
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DUGONGIDAE 


SPECIES 

BREEDING 

SEASON 

NO. gestation 

PERIOD 

YOUNG 

HABITAT, 

ETC. 

Dugong {Halicore) 
dugon 

Muller 

Winter 

(Anderson) 

I I year 

Indian Ocean 

Dugong 





TRICHECHIDAE 


7 riche elms manatus L. 
Manatee 


I, 

rarely 

2 

Atlantic Ocean 



ARTIODACTYLA 


M uch more work is needed before one can make many generaliza- 
tions regarding reproduction in ArtiodactyLi. In general, it may be 
said that species living in temperate regions tend to be seasonally monestrous 
or seasonally polyestrous, but in the tropics reproduction may take place 
at any time of the year. There are, however, many exceptions. 

In Cervidae, the deer, species from temperate regions are seasonally mon- 
estrous, breeding in late fall or winter in most cases, but tropical species tend 
to breed at any time of the year, even when they are brought into temperate 
regions. It is not clear whether they are monestrous or polyestrous in the 
tropics, and more information is needed on this point. Although growth 
of the antlers does not appear to be directly under the control of the testes, 
as it occurs in the castrated buck, these organs are necessary for their orderly 
development; for the reorganization of the spongy antler tissue into hard 
bone and for the shedding of the velvet, which lead eventually to their cast- 
ing. Work is needed upon the influence of individual hormones, tablets of 
which might be implanted in males and females. Can antler development be 
induced in females ^ Would early injection of testosterone cause premature 
hardening and shedding? What seasonal rhythm occurs in the testes of 
antlered *^does,” which are relatively common? 

In tropical species the antlers are shed at any time of the year, but this 
is said not to occur annually in all species. Possibly each individual has its 
own rhythm of testicular activity. 

In the Bovinae all species investigated tend to be polyestrous throughout 
the year, but in their natural habitats they probably all breed at a fairly 
definite time. The Caprinae, sheep and goats, are seasonally polyestrous, 

^ Dr. G. "Wislocki has recently shown me the skull of a doe which possesses antlers grown 
under the influence of implanted testosterone pellets. 
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mainly in the fall, but some breeds of sheep have a much more extended 
season than others. In general, antelopes breed at any time of the year, but 
this may not be true of the Neotraginae, the pygmy antelopes, and of the 
Alcelaphinae, the hartebeests and gnus. 

The Bovinae and, to a lesser extent, the Caprinae are remarkable for the 
low level of sex hormone production and excretion which seems to prevail, 
though more information is desirable on these factors in all mammals. At 
present they are certainly at the bottom of the list. 


HIPPOPOTAMIDAE 
Choeropsis liberiensis Morton 
PYGMY HIPPOPOTAMUS 


The pygmy hippopotamus breeds all the year round at intervals of about 
a month. Heat lasts for 3 days and the act of mating about an hour. The 
duration of gestation is from 201 to 210 days, and the female comes in heat 
again 12 to 16 days after the young have been weaned (i), 

I. Steinmetz, H. Zool. Garten, Leipzig, 9: 255-'263, 1937. 


Hippopotamus amphibius L. 
HIPPOPOTAMUS 


The hippopotamus breeds all the year round in captivity with regular 
heats a month apart (i). The number of young at a birth is i. Combined 
data on the duration of gestation gave a mean value of 2374 ±: x.2 days. 

I. Wiltshire, — British Med, J., 1883, In F. H, A. Marshall. The Physiology of Repro- 
duction. London, 1922. 



3i6 


MAMMALIAN REPRODUCTION 


TAYASSUIDAE 
Pecari angulatus Cope 
PECCARY 


The peccary probably breeds in June in Panama, and the number of young 
is usually 2 (i). The uterus is bicornuate with relatively short and coiled 
cornua. The oviducts are short and coiled, and the fimbria form well-defined 
leaflets. The ovaries are not encapsulated. The old corpora lutea seem to 
persist much longer than is usual, since two sets of two each were found 
during pregnancy. The larger ones, 10 mm. in diameter, contained two cell 
types, large cells with dense cytoplasm, and much smaller cells with less dense 
cytoplasm. The smaller corpora lutea, 7 mm. in diameter, consisted mainly 
of the second type of cells, but they stained more deeply than they did in 
the larger corpora lutea (2). 

X. Enders, R. K. Pul. Museum Comp, Zool, Harvard College, 7S: 383-502, 1935. 

2. Wislocki, G. B. J. Mammalogy, 12: X43-J49, 1931. 


SUIDAE 
Sus scrofa L. 
DOMESTIC PIG 


The pig has a cycle of about 21 days, which recurs all the year round. The 
duration of heat is about 2 to 3 days. Ovulation is spontaneous. Heat does not 
occur during lactation. The changes in the reproductive tract arc not great, 
but, owing to the ease of obtaining material, excellent accounts, some of 
which are classical, have been written on the cyclical changes. The sow oc- 
cupies an intermediate position among the domestic animals in regard to 
gonadotrophic hormone content of the pituitary. The duration of gestation 
is about 1 12 to 115 days. Many hermaphrodites are found in this species. 
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THE ESTROUS CYCLE 

The length of the estrous cycle in the sow has not received as much atten- 
tion as it has in other domestic animals, and statements of the mean lengths 
of the parts are, therefore, somewhat lacking in precision. The mean cycle 
length is 21 days, with a standard deviation of 2V2 days (i) . The modal length 
is 20 to 22 days (2). In South Africa, as in Europe, the cycles extend through- 
out the year; in Europe their average length is 21 days and in South Africa, 
19 days. The length of the heat period is 2 days. Ovulation can occur on 
either day of heat, but it is more frequent on the second day (3) . Observa- 
tions made on 25 Poland-China gilts gave a cycle length of 21 to 22 days, 
and a heat period from 40 to 46 hours long, before they produced their first 
litters, and 65 hours long afterwards (4). A slaughter experiment showed 
that in 7 sows killed before 30 hours from the beginning of heat no follicles 
had ruptured, but when killed at from 30 to 36 hours, 6 of 7 sows had ruptured 
follicles, though the process was not complete in all cases (5) . 

The time of ovulation has been studied, not only by the method of 
slaughter and observation, but also by the use, at definite intervals, of double 
matings involving two inherited colors. By this means it was found that 
most eggs are shed at about 36 hours from the onset of heat and that all have 
been shed by the forty-eighth hour (6). Another similar study gave much 
the same results (7) . 

The left ovary appears to be slightly more active than the right. Observa- 
tions on 14 sets of corpora lutea gave a mean ovulation rate of 15, of which 
51.9 per cent were shed from the left ovary (8) , A more extensive series which 
included 469 sows gave 55.3 per cent of ovulations from the left (9). 

Heat does not usually occur during lactation, but it rapidly follows wean- 
ing. The mean length of the interval is 7 days, and it tends to be i day longer 
if the lactation is of short duration (i). The age at first heat averages 207.8 
days, or 189.5 ^^s. of weight, in small-type pigs, and 198.7 days, or 199.:^ lbs. 
of weight, in large-type pigs (10). 

Matings a few hours after the onset of heat were 63.0 per cent fertile, while 
those made on the second day were 65.8 per cent fertile (11). Matings made 
the clay after the sow had gone out of heat were 20 per cent fertile, and later 
matings were completely infertile (5). 

The rate of travel of the ovum through the oviduct has been worked out 
on material in which the oviducts were divided into five parts. The number 
of eggs in each part was obtained and expressed as a percentage of the whole^ 
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As the average time for the complete passage is 3 days (12), this percentage 
gave an approximate idea of the rate of travel in the different portions of 
the tube. Passage is rapid through the first two-fifths, very slow through the 
next two-fifths, and rapid through the last fifth (13). This method probably 
gives tod short a duration for the first part of the travel owing to a time lag 
in obtaining the specimens after slaughter, but the error is not great enough 
to invalidate the general conclusion. 

The fecundity of the sow varies much with the breed. The litter size of 
the wild pig is said to be usually 4 (14), and from this low point the averages 
extend to 12.0 for the Large White Yorkshire. Climate or some other environ- 
mental factors influence the fecundity, since in the Philippine Islands several 
breeds average from i to 2 pigs less than they do in the United States (15). 
Young pigs have smaller litters than older ones; the maximum fecundity 
is reached at the fourth to sixth litters. The first litter averages about two 
less than the maximal size (16,17). This is partly due to the age of the sow, 
since those having their first litters at the usual age average one less than 
those littering for the first time a year later. It has been found in the rat that 
reproduction is, in itself, a stimulus to fecundity, and this seems to be true 
also for the pig, as those which have been continuously reproducing are more 
fecund than those of the same age which are producing their first litter. An 
interval of 9% to 10 % months between the first and second litters increases 
the litter size by 1.6 pigs over sows with an interval of 4% to 5% months 
between litters, but the difference is not statistically significant. Litters born 
in the early spring tend to be larger than those born at other times of the 
year, and the smallest litters are those produced toward the end of the 
year (18). 

One of the major problems in pig breeding is the wastage caused by loss 
of eggs and by fetal atrophy. This may be as high as 33 per cent or more. 
There is some reason to believe that it may be largely due to the action of 
genetic factors (42) . Another is the number of stillborn pigs. The loss from 
this cause averages about 6 per cent. It is greater in litters with prolonged 
farrowings, and most of the dead pigs are born in the second half of the 
litter to be farrowed. Many of them have attempted to breathe but have 
smothered while they were still in the uterus. There is some evidence that 
the incidence of stillbirths may be reduced by an injection of pituitrin when 
farrowing begins (37). 

The duration of gestation shows a difference with the breed, but the average 
for the lowest recorded, Middle White, ±: .6 days, is not far from the 
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Table 5. Litter Size of Pigs 


BREED 

AVERAGE 

LITTER 

SIZE 

OTHEK DATA 

Imeretian (19) 

6.6 


Kalchetian (19) 

6.7 


Mangalita (20) 

6.8 


Turopolje (21) 

6.92 ztz .04 

S.D. = 1.43 

Berkshire^ in U.S. (16) 

7-4 


Tamworth, in U.S. (22) 

7-4 


Poland-China (23) 

7-9 


Hannover-Braunschweig 

Landschwein (24) 

8.0 


Golebska (25) 

8.2 


Berkshire, in U.S. (23) 

8.4 


Berkshire, in Europe (26) 

8.5 rb .1 


German Large White (27) 

8.9 zb .1 

S.D. = 1.8. 85 per cent be- 

Hampshire (23) 

9-1 

tween 7 and 11 

Livensky (28) 

9-3 


Berkshire, in N.Z. (29) 

9.3 zb .08 

S.D. == 2.48. Mode, 9. 75 per 

Improved Spotted Mirgorod (30) 

9-4 

cent between 8 and ii 

Tamworth, in N.Z. (29) 

94 -05 

S.D. — 2.20. Mode, 10.75 per 

Machen (31) 

9.6 

cent between 8 and 12 

Danish Landracc, in U.S. (22) 

9.74 


Chester White (23) 

9.8 


Large Black, in N.Z. (32) 

9-9 


Diiroc Jersey (23) 

9-9 


Mirgorod (33) 

lO.O 


Edelschwein (34) 

lO.O 


Edelschwein (35) 

lO.I 


Breitovskaja (36) 

lO.I 


Tamworth, in U.S. (23) 

lO.I • 


Chester White (37) 

lO.I zb .25 


Landrace (38) 

10.2 


Improved Landschwein (35) 

10.3 


Berkshire, in U.S. (37) 

10.5 zb .3 


Duroc Jersey (37) 

10.6 =fc .3 


Wessex Saddleback (39) 

10.6 


Swabian Halle (40) 

10.9 


Large White (38) 

II. 0 


Norwegian Landrace (41) 

1 1.2 zb .3 



S.D, == standard deviation. 
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highest, Berkshire, 115.4 ± .25 clays (43). All the data is in agreement on 
this point, and it is hardly worth while further to summarize the data. How- 
ever, the wild pig is said to have a mean gestation period between 127 and 
128 days (44). The mode for domestic pigs is close to the mean, the standard 
deviation is usually about 3 days, and the differences for age of sow, litter 
sequence, and litter size are not significant (45). Seventy-three per cent of 
farrowings occur between 2 p.m, and 4 a.m, (46). 

The sex ratio of pigs at birth is 49.56 per cent males for a lax'ge series of 
records. The sex ratio has attracted some attention because it has been found 
that stillborn pigs have a much higher ratio of males, while that for fetuses 
increases at the younger ages. Extrapolation of the curve of fetal sex ratios 
suggests a ratio at conception of 60 per cent males, sufficiently remote from 
the equality demanded by current genetic theory to be interesting (47). The 
phenomenon is, as yet, unexplained. Another unexplained peculiarity of the 
sex ratio is that more litters with nearly equal proportions of the sexes are 
born than would be expected if the results were due to chance (48). 

HISTOLOGY OF THE FEMALE TRACT 

OVARY. Multilayered graafian follicles appear in the ovaries of the gilt 
at about 7 weeks of age. At 15 weeks vesicular follicles appear. The blood 
supply to the medullary region increases markedly when multilayered follicles 
appear, and to the theca externa of individual follicles when the antra are 
formed. Stimulation with gonadotrophes is without effect before vesicular 
follicles are present (49). In the breeding sow the follicles about to rupture 
measure 7 to 10 mm. in diameter. The granulosa layer is 6 to 9 cells deep 
and the theca interna is 0.09 to o.i mm. thick. The ripe follicles are clear 
and semitransparent and stand out from the ovary like a bunch of grapes. 
When the follicle ruptures, a considerable amount of liquor folliciili escapes 
and the follicle collapses. There is a slight eversion of the granulosa and 
theca interna and a slight oozing of blood. The membrana propria breaks 
down, with the result that the sharp line of demarcation between granulosa 
and theca is lost. The latter grows inwards, starting at the apices of the folds 
into which it has been thrown by the contraction of muscular fibers in the 
theca externa. The thecal cells divide by mitosis, and the granulosa cells en- 
large. By the seventh day of the cycle the corpora lutea measure 8 to 9 mm., 
and in the second week their maximum size of 10 to ii mm. is reached. 
Degeneration of the corpus luteum is rapid at the end of heat and at parturi- 
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tion (50). At first the corpus luteum is pinkish in color, but at the end of 
diestrum a rapid change takes place with the degeneration of the capillaries, 
and the color becomes a primrose yelloW;, changing to yellow-brown as 
resorption advances. The cellular changes in the corpus luteum of pregnancy 
have been described in great detail (51) . 

There is a double wreath of blood vessels in the theca externa and theca 
interna. That of the theca interna grows directly into the granulosa at 
ovulation, but that of the theca externa merely enters the developing corpus 
luteum in the folds of tissue. No lymphatic vessels are present until 2 days 
or more after ovulation; these structures are the first to degenerate and are 
not found later than 16 to 17 days after ovulation. The capillaries and venules 
are the next to degenerate (52). 

VULVA. During diestrum the labia are contracted, the muscles are tight, 
and the walls are pink and moist. The latter swell during early heat and 
become red internally. Late in heat they become flabby, the muscles arc fully 
relaxed, the mucosa is .still red, and some mucus is present. During metestrum 
the labia revert to the diestrous state, but a good deal of niiicus is present (8). 

VAGINA. During diestrum the basement membrane of the epithelial 
layer is indistinct; there are 3 to 6 layers of cells with but few leucocytes 
between them. In early heat the basement membrane is distinct, the epithelial 
layer is actively growing and is now 10 to 15 cells thick, with low columnar 
cells at the surface. Blood vessels are distended and the stroma is edematous. 
In late heat the basement membrane has again become indistinct, the number 
of layers of epithelial cells has increased to 14 to 26, cornification is evident, 
and leucocytes have wandered between the cells. During metestrum des- 
quamation is in evidence, and leucocytes are abundant, but cornified cells 
are not present in great numbers. Many of the cells show vacuolar degenera- 
tion (8,53). 

The vaginal smear is not a good indication of the reproductive state. There 
is more mucus during heat, especially late in the period, and the proportion 
of leucocytes tends to increase. In early diestrum many of the epithelial cells 
are vacuolated, more so than at other times (53,54). 

UTERUS. The uterine stroma becomes edematous in late diestrum. This 
increases during proestrum, becomes less intense during heat, and rapidly 
disappears during metestrum. Leucocytes are to be found at all stages but 
are more frequent from late diestrum to 4 days postestrum. The epithelial 
cells grow and become pseudostratified, owing to the crowding of the nuclei, 
during proestrum and continue in this state to about i week postestrum. 
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They show vacuolar degeneration during proestrum but have become normal 
in appearance by late heat. Cilia are present only in the crypts and glands 
(85I2). They do not appear to jBuctuate in nimibers during the cycle (55). 

The oviduct enters the horn of the uterus as a continuous passage, i.e., 
without any angle. There is no sphincter, but the mucosa projects in a 
number of fingerlike folds* The whole structure is like a rosette with the 
oviduct opening through the center. These projections are edematous just 
after heat, and at this time the pressure needed to force fluid from the uterus 
into the oviduct increases from 50 to 155 mm* of mercury. The pressure 
needed to force fluid from oviduct to uterus varies only slightly. It is about 
35 mm. of mercury (56). 

The ciliated epithelium of the oviduct is 25 /a high during and just after 
heat; it declines to 10 in the second week of diestrum and then gradually 
grows to the maximum during the third week. The nonciliated cells are 
smooth in the first week of the interval, and in the second numerous cyto- 
plasmic processes, like those described for other species, including the cow, 
are extruded (57). 

PITUITARY. During the heat period the basophilic cells of the anterior 
pituitary lose their granules, which were abundant during proestrum. They 
also contain many granules during the early lutein phase, but not in the 
middle and late lutein phases. Degranulation of the eosinophils also occurs 
during heat (58). The gonad-stimulating hormone can first be detected in 
the anterior pituitary of the fetus at a crown-rump length of 17 to 18 cm. 
(59). Its appearance coincides with a large increase in the number of baso- 
philic cells (60) . 

PHYSIOLOGY OF THE FEMALE TRACT 

The uterine muscle of the sow has been intensively studied. During heat 
there is great spontaneous activity. Two kinds of contractions are found, 
large ones at intervals of 1.5 to 2.5 minutes, with superimposed smaller con- 
tractions of short duration. During metestrum (tubal ova) they are more 
irregular, and the minor waves are more pronounced than the major ones. 
In mid-diestrum the irregularity has increased, and the short waves are even 
more in evidence (61,62). The muscle uses most oxygen at 3 days before 
ovulation, and least at 4 to 18 days after ovulation (63). The muscle con- 
tracts in response to pituitrin and relaxes to adrenalin at all stages of the 
cycle (64). 
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The muscle of the oviduct is most active during, and just after, heat (65) . 
At this time the contractions occur about 13 to 15 per minute as measured 
during insufflation. In diestrum they occur 5 to 9 per minute, but their 
amplitude is greater (66) . 

Intra-uterine migration of the ova is a usual phenomenon in the sow. If 
one ovary is removed, 42 per cent of the embryos which develop are found 
in the horn of that side. There is also a tendency in the normal sow for the 
number of embryos on each side to be equalized (9) . 

The estrogen content of large graafian follicles is about 900 R.U, per kg. 
of liquor folliculi, while corpora lutea contain from 25 to 78 R.U. per kg, (67) . 
The occurrence of estrogenic substances in the urine during pregnancy is 
peculiar. From 19 to 30 days 1,000 to 3,000 M.U, per liter are found, their 
first appearance being rather sudden. Then they disappear almost entirely, 
to reappear about the seventieth day. After this they rise gradually in amount 
and just before parturition 5,000 to 10,000 M.U. per liter are found. After 
parturition they disappear rapidly. These facts have been amply confirmed 
(68-70). The content of chorionic tissue exactly parallels that of the urine, 
though at a lower level (71), and the gonadotrophic hormone content of the 
pituitary is in inverse relationship. This is highest during proestrum, falls 
abruptly at ovulation, and is very low during diestrum. During pregnancy it 
reaches a maximum from 30 to 75 days (72), These relationships raise some 
interesting questions which deserve further study. 

The corpus luteum contains appreciable quantities of progesterone during 
the first 3 days after ovulation, before the lutein cells are fully differentiated. 
The content rises until 15 days, after which it falls abruptly and soon cannot 
be estimated. During pregnancy it rises rapidly to 20 days, then continues 
to rise slightly to 105 days, after which the fall is rapid (73). 

The anterior pituitary contains less F.S.H. than that of the horse, but 
more than that of the sheep. In L.H. content it is variable, but it is always 
below that of the sheep (74,75). 

Tables have been constructed giving the prenatal growth of pigs (76). 

THE MALE 

Primary spermatocytes first appear in the testes at about 84 days and 
secondary spermatocytes at 105 days, and by 147 days spermatozoa are 
present (77). 

The two testes are about % 5 o of the body weight at maturity, the left 
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usually being the larger; and the epididymides are about % the weight of 
the testes. The vasa efierentia number from i to 5, and the vas deferens is 
about 25 to 30 cm, long (78). The length of the epididymis of a Mangalita 
boar was 62 to 64 metres, and the number of eflerent ducts was 8 to 12 (79). 
The accessory glands are very large, the seminal vesicles weigh from 151 to 
844 g. when full, and the contents weigh 39 to 507 g, Cowper’s glands weigh 
146 to 209 g. when empty, and the contents, 20 to 178 g. The prostate weighs 
15 to 26 g. The boar also possesses a disseminate gland not at all like the 
prostate in structure, but in close proximity to it (78). 

Coitus take 5 to 8 minutes, and the average volume of eiaculate is 255 cc. 
(80) . The semen penetrates directly into the cervix during mating (81) . 

The average ejaculate contains about 85 billion spermatozoa. Ejaculation 
occurs in stages; it increases to the third minute and is maintained to 5 
minutes, then there is a fall in the rate and a final rise. Most spermatozoa are 
found in the first ejaculate. Ejaculation at 244iour intervals does not materially 
reduce the volume, but greater frequency docs. The pH of normal semen 
is 7.3 to 7.8. If it is allowed to stand, a large quantity of gelatinous and waxy 
materials settles out. This gelatinous material is secreted partly by the vesi- 
culae seminales. Removal of these glands has little effect upon the number 
of spermatozoa, although the glands provide about 25 per cent of the ejacu- 
late. Cowper’s glands secrete the waxy material, and their secretion reacts 
with that of the seminal vesicles to produce the gelatinous material They 
provide about 19 per cent of the total ejaculate. Without either seminal 
vesicles or Cowper’s glands, the boar produces a watery, thin semen con- 
taining no gelatinous or syrupy material. The prostate and urethral glands 
produce about 56 per cent of the total secretion. This is clear and almost as 
thin as water. The testes produce about 2 per cent of the total volume (78). 

Removal of Cowper’s glands, or of the seminal vesicles, or both, is without 
effect upon fertility (78), in contrast to the condition found in the rat. 

A few points of interest in the composition of these secretions follow: 

Vesiculae seminales, pH 6.4 to 6.8, relatively high in K and glucose, low 
in Ck 

Cowper’s glands, pH 7.2 to 7.3, relatively high in Na and Ca, very high 
ill Mg. 

Epididymal secretion, pH 6.7 to 6.9, high in P. 

Prostate and urethral glands, pH 7.5 to 8.5 (78). 

The head size of the spermatozoa averages 8 ft (82). 

The cryptorchid testis contains i B.U. of androgen to 87 g. of tissue, and 
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the normal testis contains 1 B.U. to 39 g. (83) . The following levels of gonadic 
hormones have been found in the urine: androgens, 90 to 134 M.U. per liter; 
estrogens, 1,170 to 1,640 M.U. per liter (84). 

Castration at 200 days of age, after the accessory organs have grown some- 
what under the influence of androgens, does not produce organs as small as 
those which result if the operation is performed at 50 or 100 days (85). 
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SPECIES 

BREEDING 

SEASON 

SEASON 

OF 

BIRTH 

GESTATION HABITAT, 
PERIOD ETC. 

YOUNG 

Sus crisfatus 

Wagner 

Wild Pig 

End March 
(Brander) 


4-6 

4 

months 

India 

S. gigas 

Heude 

Manchurian Wild Pig 

No fixed 

season 
(Sower by) 


6 


Manchuria, i 
record 

Babimssa hahyrussa L. 
Babirusa 




125 

days, 

150 

days 

Celebes 

Potamochoerus larvatus 


Dec.-Jan. 

5-8 


S. Africa 

Cuvier 






African Bush Pig 






Hylochoerus meinertz* 




125 

Kenya 

hageni 




days 


Thomas 






Phacochoerus aethio-^ 

Late June 

Oct.-Nov, 

Usually 

171- 

Africa. Breeding 

picus 

early July 


4 

175 

data and gesta- 

Pallas 

(Hubbard) 



days 

tion period do 

Wart Hog 





not quite fit 
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CAMELIDAE 
Camelus bactnanus L. 

BACTRIAN CAMEL, TWO-HUMPED CAMEL 


The bactrian camel is polyestrous, having cycles all the year round. These 
are variable in length; the usual interval between heats is from lo to 20 days; 
and the duration of heat i to 7 days, with a mode of 3 to 4 days (i). The 
mean cycle length is about 14 days, and the foal heat is experienced the day 
after calving, more rarely after 2 to 3 days. The suckling female comes in 
heat regularly but the duration is shorter than it is in the dry camel (2). 

At the beginning of heat the graafian follicle measures from i to 1.5 cm. 
in diameter, and at ovulation it has grown to 2.5 to 3 cm. The optimum 
time of mating is from 3 to 5 days before the end of heat. There is little 
obvious change in the appearance of the vagina and cervix during heat, but 
the vaginal smears show a decrease in leucocytes and an increase in epithelial 
cells (2). 

The mean duration of pregnancy in 850 cases was 406 clays with a spread 
from 370 to 440 days, calculated from the last mating. From single matings 
the mean was 410 to 41 1 days. One young is usually born at a time, and males 
are carried for 2 days longer than the females, but this difference is not statist^ 
cally significant (3). 

Both the males and females have well-developed glands at the summit 
of the neck, just below the occiput. In London these are active in March in 
the males, but the glands of the females are not noticeably active during the 
breeding season (4). Rut in London and in Mongolia is in spring (5), 

1. Bosaev, J. KonevodsWo, No. 4: 44-50, 1938. 

2. Barmincev, f. B. Konevndstvo, No. 8-9: 26-32, 1938. 
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4. Pocock, R. I. Proc. Zool Soc., London, 840-986, 1910. 

5. Heape, W. Quart J. Micros. Sci., 44: 1-70, 1901. 
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Other CAMELIDAE 


SPECIES 

BREEDING 

SEASON 

GESTATION HABITAT, 
PERIOD ETC. 

YOUNG 

Camehis dromedarius L. 


I 

12-12% Glands on neck 

Dromedary 



months below occiput 




active in both 
sexes during 
June in London 
(Pocock) 

Lama glama L. 

Summer and 

Usually 

11 S. America 

Llama 

early fall 
(Nov. -May) 
(Cabrera and 
Yepes) 

I 

months 

L. g, httanacus 

End of spring. 

Usually 

S. America 

Molina 

Nov, (Cabrera 

I? 


Huanaco 

and Yepes) 

occasionally 

2 


L. vicugna 

All year, mostly 

b 

10 S. America 

Molina 

Apr.-Jimc 

rarely 2 

months 

Vicuna 

(Cabrera and 
and Yepes) 
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YOUNG 
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PERIOD 

Tragidus javanictts 
Osbeck 

Little Malayan 
Chevrotain 



T -2 


T. meminna 

June-July 

At close 

2 

120 

Erxleben 

Indian Chevrotain 

(Blanford) 

of rains 


days 
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CERVIDAE 
Caprcolus caprcolus L. 
ROE DEER 


The roe deer is monestrous, mating in July and August^ and the fawns, 
usually twins, are dropped in May (i). Implantation is delayed, the only 
case so far known in Cervidae. The period of gestation is about 40 weeks, 
with implantation of the embryo in December, but exceptional cases are 
known of immediate implantation with a reduced gestation period of 20 
weeks (2). The time of breeding is exceptional among deer, but implanta- 
tion and birth are at about die usual time. 

The antlers begin to grow in January and are shed in December (3). 
Castration before the velvet has been shed is not followed by casting of the 
antlers, but their further growth is abnormal; castration after the velvet has 
been shed leads to immediate casting and the growth of abnormal forms. 
Ovariectomy of the female does not result in any antler growth (4). 

The testes begin to grow in the spring and to retrogress in the fall, reced- 
ing to one third of their weight at the height of the breeding season. Sper- 
matogenesis is said to begin in the spring and to cease about October (5), 

A castrated stag had incipient peruke formation. After two injections of 
50,000 M.U. of progynon the growth began to shrink and it was shed. It began 
to grow again in August and September, although it was not the normal 
season for growth (6), Injections of 50,000 M.U. of progynon at 7- to lo-day 
intervals in October and November caused an immediate onset of growth; 
the velvet dried and the antlers were shed in December (7), 
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Cervus (Axis) axis Erxleben 
SPOTTED DEER, CHITAL 


In the wild state in India the chital breeds at any time o£ the year, but 
there is a distinct rutting period at the end o£ April or the beginning o£ May. 
Corresponding with the extended breeding season is the £act that the antlers 
are shed at any time, but mostly in August (i). In captivity a continuous 
series of diestrous cycles lasting for 3 weeks is experienced throughout the 
year (2), and at Woburn, England, chitals will breed at any time o£ the 
year (3). 

The number of young is usually 2, but i and 3 are not uncommon, and 
the doe may produce two families in a year (i). The period of gestation is 
7 to 7 months. 

1. Brancicr, A, A. D. Wild Animals in Central India. London, 1923. 

2. Heape, W. Quart J. Micros. Sci., 44: 1-70, 1901. 

3. Bedford, Duke of, and F. FI. A. Marshall. Proc. Roy. Soc., London, 130B; 396-399, 
1942. 


Ceypus canadensis Erxleben 
WAPITI, ELK 


In the wild the wapiti ruts from late September well into October, and 
the young are born in June, In captivity the female experiences a continuous 
series of diestrous cycles lasting 3 weeks, and pregnancy at all times is only 
prevented by the fact that the males do not rut during the casting and growth 
of the antlers (i). These are shed in mid-March and they begin to grow 
again immediately. The velvet is lost in August (2), One young is usually 
born at a time, but occasionally 2 and 3, and the gestation period is about 
8% months. 

A two-year-old elk was castrated; the antlers were shed and new ones 
soon grew. These were small and crooked; they never lost their velvet or 
were shed (3) . 

1. Heape, W. Quart. J. Micros. Sci., 44: 1-70, 1901. 

2. Seton, E. T. Life Flistories of North American Animals. New York, 1909, 

3. Skinner, M. P, J, Mammalogy, 4: 252, 1923. 
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Cervtis (Rusa) tmicolor Bechstcin 
SAMBAR 


The period o£ rut in the sambar is from October to November in the 
Peninsula of India, but possibly in the spring in the Himalayas, The antlers 
are said to be shed in March in the Peninsula and in April in the Himalayas, 
but the time is variable (i). According to one account they are not shed 
annually but about every 3 to 4 years, at any lime of year. Fawns are dropped 
and antlers are shed at any time of the year at Woburn, England (2). There 
is a record of shedding in the Washington, D.C., Zoo on June 18 (3). The 
facial glands enlarge during rut. One to two young are usually born at a 
time, and the period of gestation is about 8 months {4). Birth is usually late 
in May or early in June in the sambar's native habitat (5). 

1. Rlanford, W. T. The Fauna of British India, Including Ceylon and Burma. Mam- 
malia. London, 1888-91. 

2. Lydekker, R. The Deer of All Lands. London, 1898. 

3. Flollister, N. J. Mammalogy, i; 244-245, 1919-20. 

4. Brander, A, A. D. Wild Animals in Central India. London, 1923. 

5. Cahalane, V. H. National Geographic Mag., 76: 403-510, 1939. 


Odocoileus hemionus Rafinesque 
MULE DEER 


The mule deer ruts from November to mid-December, and the fawns are 
born in May and June. The antlers are shed in March, During rut the neck 
swells. The usual number of fawns is 2, rarely i or 3 (1). Puberty is usually 
at 4 years of age in the male (2). 

Castrated bucks either do not renew their antlers or retain them perma- 
nently in the velvet with remarkable distortions. They are known locally as 
“cactus bucks” (i). The tarsal and metatarsal glands of the males are 
markedly more active during rut than at other times. An antlered “doe” 
sheds her antlers and grows them at the usual time for the male. Her neck 
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swells during the rutting season; she attacks bucks in rut and attempts to 
mount a doe (3). Evidently this is a male pseudohermaphrodite. 

1. Mearns, E. A. U.S. National Museum, BuL 56, 1907. 

2. Pickwell, G. Audubon Mag., 43: 24-*'30, 1941. 

3. Cowan, L McT. Calif, Fish and Game, 22: 155-246, 1936, 


Odocoileus virgintanus Boddaert 
WHITE-TAILED DEER, VIRGINIA DEER 


In the northern part of its range the white-tail mates in November, but 
in Florida mating is earlier. In the north the young are born late in May and 
June; in the south they are born from January to March. The males shed 
their antlers in the north from late December to February, and earlier in 
the south (i). They begin to grow again after an interval of 2 to 6 weeks, and 
the velvet is lost in August and September. Rut, lasting about 2 months, is 
accompanied by swelling of the neck (2). The number of young is usually 
2, and the gestation period is about 7 months. 

Deer are fall breeders, but, if their reproduction is controlled by a reduction 
in the daily amount of light, as is believed to be the case with many of the 
mammals which are in this class, one would expect breeding to be later as 
one goes further south in the range, instead of earlier. Probably some other 
factor or factors are involved in this case. 

The weight of the testes fluctuates seasonally, being greatest at the time 
of rut and least from late winter to early summer. Spermatogenesis begins in 
July, is maximal in October, and diminishes in December and January. The 
lowest point is reached in June when the seminiferous tubules consist of a 
single layer of cells. Interstitial cells are larger and have clearer nuclei in 
October than in May and June. The prostate complex shows no seasonal 
variation, but the seminal vesicles are least in size in June and July, enlarge 
in August, and are maximal in October. The height of the secretory cells 
follows the same rhythm. Secretion is abundant in October, whereas the 
lumen of the gland contains black dried masses in June and July (3). 

The antlers begin their annual growth when the testes and accessory 
organs are inactive, harden and lose their velvet when these glands are en- 
larging, and are shed when they begin to decline (3). Castration following 
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loss of the velvet results in shedding within 30 days. New growth, which 
occurs at the normal time, is abnormal in shape, and the velvet is not lost. 
Growth ceases at the usual time and part of the growth, being somewhat 
fragile, may be lost by accident. Renewed growth activity follows in the 
spring. Eventually an exaggerated burr is produced (4). These events have 
been interpreted as indications that antler growth is under the influence of a 
nontesticular hormone, possibly from the anterior pituitary, though direct 
evidence for the latter is lacking. Hardening and consequent loss of the 
antlers is believed to be due to the action of a testicular hormone (3). If 
antler growth were caused by a nontesticular hormone, it might be expected 
to occur in the female, which it does not. A genetic explanation would, in 
the present state of our knowledge, be simpler. Transplantation of antler buds 
might help unravel the problem. 

1. Hamilton, W. J., Jr, The Mammals of Eastern United States. Ithaca, 1943. 

2. Seton, E. T. Life Histories of North American Animals. New York, 1909. 

3. Wislocki, G. B. Essays in Biology, in Plonor of Herbert M. Evans. Berkeley, 1943. 
Pp. 631-653. 

4. Caton, J. D. The Antelope and Deer of North America. New York, 1877. 


Ran gif er tar and us L, 
REINDEER, CARIBOU 


There are many races of the reindeer, some of which have been given 
specific rank. In this account Lydekker’s classification has been followed. 
This groups them all into one species, but, where possible, the subspecies 
has been indicated. Both sexes are antlered and shed annually. 

The breeding season in Siberia is in September and October, and the 
calving season is from May to June. The males breed first at 1% years of 
age. Normal bucks shed their antlers from November to January, and 
castrated ones from March to April (i). The number of young is usually 
I, rarely 2, and the period of gestation is from 7 to 8 months (2). These re- 
marks presumably refer to R. t sibiricus Schreber. 

In R, u caribou Gmelin, the woodland caribou of North America, rut is 
in October. The males shed their antlers in early spring and the does in 
summer (3). 
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In R. t. arcticus Richardson, the barren-ground caribou of North America, 
rut is in October and the calving season is from May 15 to June 15. The 
bucks usually shed their antlers in November, but old and very young ones 
may carry them until late April. The does usually shed in May and June 
(4) . The velvet is rubbed off beginning in August, and the antlers are clean 
by the end of September. Antler growth begins in May, even though they 
may have been shed in December (5). 

Authorities are agreed that castrated or ovariectomized reindeer shed and 
regrow their antlers each year, contrary to the habit in other deer which have 
been investigated (6). 

1. Sokolov, 1 , 1 . Trud. Arkt. Inst, 24: 67-128, 1935. 

2. Mertz, P. A. Trud. Biol. Inst, Tomsk Univ., 6: 175-208, 1939. 

3. Seton, E. T. Life Histories of North American Animals. New York, 1909. 

4. Murie, O. }. North American Fauna, No. 54, 1935. 

5. Strong, W. D. J. Mammalogy, ii: i-io, 1930. 

6. Wislocki, G. B. Essays in Biolog)^, in Honor of Herbert M. Evans. Berkeley, 1943. 
Pp. 631-653. 


Other CERVIDAE 


SPECIES 

BREEDING 

SEASON 

SEASON 

OF 

BIRITI 

NO. 

OF 

YOUNG 

GESTATION HABITAT, 
PERIOD ETC. 

Alces alces L. 

Elk. Moose 
(~ A. americaiia 
Clinton) 

Mid-Sept to 
mid.-Oct 
(Hamilton, 
Lydekker) 

Late May 

Usually 

2, 

240- 

250 

days 

Antlers shed 
Jan.-Feb. in N. 
America; begin 
to grow x\pr.; 
velvet shed 
July-Aug. 

A. gigas 

Miller 

Alaska Moose 


May 

(Cahaiane) 

Usually 

2 


Alaska 

Blastocems hezoarti- 
CHS L. 

Pampas Deer 

End of 

summer 
(Cabrera 
and Yepes) 

Sept.-Oct 
in Matto 
Grosso; 

Apr, in 
Argentina 

I 


Sheds antlers in 
May in Brazil 

B. dichotomus 

Illigcr 

Marsh Deer 


Oct.-Nov. 
(Cabrera 
and Yepes) 

I 

About 
r year 

S. America 



33 <> 


MAMMALIAN REPRODUCTION 


Other CERVIDAE (Continued) 


SPECIES 

BREEDING 

SEASON 

SEASON 

OF.. 

BIRTH 

GESTAITON HAniTAT. 

yomo 

Capreoliis bedjordi 
Thomas 

Manchurian Roe 

Deer 

yuly 

(Sowerby) 

Late May 
or early 
June 

Usually 

2 



C. pygargtis 

Pallas 

Siberian Roe Deer 

Sept. 

(Lydekker) 





Cerims cashmirwnsis 
Adams 

Hanglu 

Oct. 

(Biani'ord) 

Apr. 


6 

months 

Antlers shed in 
March in Kash- 
mir; records of 
Apr. shedding 
in U.S. 

C, elaphus L. 

Red Deer 

Sept.~Oct. 
Very exten- 
sive series 
of cycles in 
captivity 
(Heape) 

May-June 

L 

rarely 

2 

Av. 

^34 

days 

Sheds antlers 
March-May 

C, macmilli 

Lydekker 

End Oct.~ 
Nov. 




W, China. Ant- 
lers shed April 

C. waUichi 

Cuvier 

Shou 




6 

months 

Tibet 

C, (Hyekphtis) 
pom n us 
Zimmermann 

Hog deer 

Sept-Oct, 
in India 
(Blanford) . 

In England 
ail year 
(Bedford and 
Marshall) 



8 

months 

Sheds antlers 
Apr. in India; 
records of Feb. 
and July in zoos 
(Philadelphia 
and Washing- 
ton) 

C. (Rucervus) 
dumuceii 

Cuvier 

Barasingha 

Monestrous; 
rut ill- 
defined; 
Dec.«~March, 

Spring 

1 

250 

days 

Antlers shed 
Jan.-Feb. in In- 
dia; records of 
Dec., Jan., and 
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Other CERVIDAE {Continued) 


SPECIES 

BREEDING 

SEASON 

SEASON 

OF 

BIRTH 

^9" gestation habitat, 

PERIOD ETC. 

YOUNG 


but mostly 




Apr. in U.S, 


Dec. 15- 




Said to mate 


Jan. 15 




end Sept, to end 
Nov. in Kash- 
mir (Heape) 

C, (Rticervas) eldi 

March-May 

Oct-Nov. 

I 

^^3 

Antlers shed 

Guthrie 

in Burma 



days 

June in Mani- 

Thameng 

(Blanford), 




pur; Sept, in 


also in Eng- 




Lower Burma. 


land 




Puberty at 18 
months 

C, {Sil{a) nippon 



I 

Av. 

Japan. Records 

Temminck 




222 

oL antlers shed 

Sika 




days 

March;, Apr,, 
May in U.S. 

Dam a dam a L. 

Sept.-Oct., 

June-JuIy 

Usually 

Av. 

Neck swells 

Fallow Deer 

monestrous 


I, 

230 

during rut. Ant- 


(Lydekker) 


rarely 2 

days 

lers shed May 

ElapJmrus davidianus 

In England, 


1-2 

250 

Originally 

Milne-Edwards 

June-July 



days 

China; only 

Pa*e David^s Deer 

(Lydekker) 




known in do- 
mestication. 
Antlers shed 
Nov.-Dee. 

Hydropotes inermis 





N,E. China and 

Swinhoe 



3 and 4 


Korea 

Chinese Water Deer 



common 



Mazama americana 

No known 

Dec.-Apr,, 

I 


S, America 

Erxleben 

fixed season 

July 




Red Brocket 

(Cabrera 
and Yepes) 





M. simplkicornis 
Illiger 

Wood Brocket 



2 


S. America 
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Other CERVIDAE {Continued) 


SPECIES 

BREEDING 

SEASON 

SEASON 

OF 

BIRTH 

GESl’ATION HABITAT, 
PERIOD ETC. 

YOUNG 

Moschus moschi- 
ferns L. 

Alusk Deer 

Jan. 

(Bl an ford) 

June 

(Lydekker) 

I 160 

tiays 

Cent, and N.E. 
Asia. Puberty at 
less than i year 
(Blanford) 

Muntiaciis mtintfa\ 

Zimmermann 

Munijac 

All year, 
more fre- 
quently 

Jan. -Feb. 


1-2 183 

days 

Sheds antlers 
May. S. Asia 

M. reevesi 

Ogiiby 

All year 
at Woburn 
(Bedford 
and 

Marshall) 



E. China 

Odocolhus 
cohimbiantis 
Richardson 
Black-tailed J 3 eer 

Oct-Nov. 

(N.A.F.55). 

Monestrous 

May~June 

1-3 

Sheds antlers 
Jan.-Feb. West- 
ern N. America 


.. . ' 

L.. . r . 




GIRAFFIDAE 

Giraffa Camelopardalis L. 

GIRAFFE 

The giraffe in the wild is said to mate from July to September and to 
drop her young from October to February (i). In captivity about three 
cycles in the breeding season have been observed (2). One young, rarely 
twins, is born at a time, and the period of gestation has been observed to 
be between 14 and 15 months. 

Gonadotrophic hormones are present in the urine of the pregnant fe- 
male (3). 

1. Shortridge, G. C. The Mammals of South West Africa. London, 1934. 

2. Heape, W. Quart. }. Micros. Sci., 44: 1-70, 1901. 

3. Wilkinson, J. F,, and P, de Fremery. Nature, 146: 491, 1940. 
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0 \apia johnstoni P. L. Sclater 
OKAPI 


The period of gestation has been observed in one case as 426 days (i). 

I. Kenneth, J. H. Gestation Periods. Imperial Bureau of Animal Breeding and 
Genetics, Edinburgh, 1943. 


ANTILOCAPRIDAE 
Antilocapra americana Ord 
PRONGHORN 


The pronghorn has a limited breeding season in September and October, 
and the horns are shed immediately afterwards, from October to December 
(i). The new ones have already begun to sprout (2). The young are usually 
born from late May to early June, though in Texas they are born over a 
wide range of time, but mainly in June. Records of young give 2 on sk 
occasions, and i once (3). In view of the relationship of this species to both 
the antelopes and the deer it would be interesting to learn the connection of 
the testis cycle to horn shedding. A report on one animal states that in a 
castrated buck horn development was abnormal and that the seasonal separa- 
tion of the horns was incomplete (4) . 

1. Skinner, M. P. J. Mammalogy, 3: 33-39, 1922. 

2. Seton, E. T. Life Histories of North American Animals, New York, 1909. 

3. Mearns, E. A. U.S. National Museum, Bui. 56, 1907. 

4. Pocock, R. 1 . Proc. ZooL Soc., London, I9i-'i97, 1905. 
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BOVIDAE 

BOVINAE 
Bos tatims L. 
DOMESTIC CATTLE 


Domestic cattle are polyestrous, breeding all the year. Ovulation is spon- 
taneous, and it occurs at intervals of about 21 days. The length of proestrum 
has not been accurately determined, but probably it lasts for 2 to 3 days. Estrus 
lasts for less than i day, and the cow goes out of heat before she ovulates. 
Frequently, more so in younger than in older cows, overt bleeding occurs 
from the uterus about 18 hours after ovulation. The corpus luteuni is func- 
tional for about 19 days; its decline and proestrum are synchronous. Uterine 
changes during the cycle are not marked. The vaginal smear is not a very 
reliable indication of the reproductive state. The pituitary of the cow has 
the lowest recorded F.S.H. content; L.H. is also low, but prolactin is very 
high. The period of gestation is about 280 days; i calf is the rule, but more 
are frequently born. When a female is born cotwin with a bull, she is usually 
sterile as her gonads have been modified early in development. The bull 
produces spermatozoa all the year round. 

THE ESTROUS CYCLE 

There have been many investigations of the length of the estrous cycle 
in cattle (1-6). A summary of all the available data, which include a con- 
siderable series of records from the New York State Dairy Herd Improve- 
ment and Artificial Insemination Associations, gives a modal cycle length 
for unbred heifers of 20 days, and for cows, 21 days (6). The cycle length 
is less variable in heifers, in which 85 per cent fall between 18 and 22 days, 
but in cows 84 per cent fall between 18 and 24 days. The mean for heifers is 
20.23 zt .05 days, and the standard deviation is 2.33 days. For cows the mean 
is 21.28 dr .06 days, and the standard deviation is 3.68 days. Although there 
is a definite difference in the cycle lengths of virgin and parous cattle, it 
cannot be said that the cycle increases in length with age, as analyses of 
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different sets of data have yielded conflicting results. The season of the year 
has no effect (5,6) . There are indications that the individuality of the cow 
has some effect on the cycle length, but more evidence is needed on this 
point. All these figures refer to dairy or to dual-purpose cattle. For range 
(beef) cattle, Herefords, the length of the cycle is essentially similar (7). 
The mean cycle length for all ages of beef cows is 19.6 ±: .12 days, the mode 
is 20 days, and 79 per cent fall between 17 and 23 days. In this group cows 
came in heat equally at all times of the day. 

The duration of heat has not received as much attention as it deserves. A 
compilation from available data (1,8,9) gives a mean duration of 13.6 di .16 
hours, with a standard deviation of 3.9 hours. The modal length is about 14 
hours, and 82 per cent fall between 10 and 18 hours. These figures are for 
cattle of all ages, but it has been shown (i) that heat lasts for a shorter time 
in heifers than in cows. It is not clear whether the duration of heat is affected 
by the season of the year. 

Ovulation is spontaneous, and it usually occurs from 13% to hours 
after the cow goes out of heat (9-11). There is, however, considerable spread, 
from 2 hours before the end of heat to 26 hours after it. About 80 per cent 
of ovulations occur between 4 p.m. and 4 a concentration partly brought 
about by a shortening of the interval between the end of heat and ovulation 
if the former ends close to this period of the day (ii). Both dairy and beef 
cattle are included in this range. Heifers tend to ovulate about 3 hours earlier 
than cows (10). The right ovary tends to produce more ovulations than the 
left. A corpus luteum count showed 60.2 per cent in the right ovary (12), 
and an embryo count gave 60.5 per cent in the right horn of the uterus (13). 
This is an unusually large difference in ovulation rates. Removal of the 
corpus luteum brings the cow into heat 3 to 4 days afterwards in the majority 
of cases. The mean interval is 4.2 days (14). 

The return of heat periods after parturition occurs after a very variable 
interval. For dairy cows a modal interval of 41 to 60 days has been reported 
(5), and a mean of 69 days, with a standard deviation of 39 days (15). For 
beef cattle the mode is 60 to 70 days, with 80 per cent between 20 and 160 
days, and the mean, 80,2 ±1*3 days (7). In this study it was found that the 
chance of conception at a heat period earlier than 40 days is only 49 per cent, 
but it rises until average fertility is reached at 70 clays. 

A little more than a day after ovulation bleeding occurs from the vulva 
in many cows. The source of this blood is discussed in the section on histology. 
It is more frequent in heifers (about 75 per cent) than in cows (48 per cent) 
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(16)5 but it does not occur at every heat period in any one individual; great 
variation is shown in this respect (6). There is much division o£ opinion 
among cattle breeders concerning the significance of the bleeding; some 
hold that it is a sign that the cow has not become pregnant^ others that she 
has, provided she had been served. Recent work (17) showed that, of 100 
heifers bred at heat, 81 bled; of those that conceived, 85 per cent bled; but 
of those that did not conceive, 74 per cent bled. la a similar group of 100 
cows 61 bled, consisting of 69 per cent of those that conceived and 39 per 
cent of those that did not. 


FERTILIZATION 

As the egg is shed some time after the end of heat, it becomes important 
to know whether the cow can be bred successfully after the end of heat by 
artificial insemination and whether spermatozoa deposited in the female 
tract early in the heat period can survive until ovulation. The conception 
percentage for artificial inseminations at different timCvS is given in table 6 
(18,19). The figures show that the chance of conception with early services 
is smaller than with later ones, and that after 6 hours have elapsed from the 
end of heat it again becomes reduced. As the spermatozoa reach the upper 
third of the oviduct in 5% hours in cows, or in 4V2 hours in heifers (10), 
the reduction in fertility is marked if they are not at the top of the oviducts 
at the mean time of ovulation. This suggests a short life for the egg, a con- 
clusion that has been reached for other species. It would appear, also, that 
the fertility of the spermatozoa is reduced after a stay of a little more than 
24 hours in the female tract. 

The ovum remains in the oviduct for 96 hours; in the first 6 hours it travels 
one-third of the distance, during which time it is fertilized. After this rapid 
passage the remainder of the journey is made at the rate of about i mm. 
per hour (20), 

Twins are more frequent in dairy breeds than in beef breeds, the inci- 
dence being 1.88 per cent in the former and 0.44 per cent in the latter. Mon- 
ozygotic twins account for 6.0 ±1.9 per cent of the total. The chance of 
producing twins increases with the age of the dam to 8 to 9 years (31). A 
compilation of information in the Wurttemburg herdbooks gives a higher 
incidence of twins, ranging from 3.2 per cent for the spotted breed to 1.7 
per cent for the brown breed. Triplets occurred in about 0.03 per cent of 
conceptions, and quadruplets in about 0.0004 per cent. Multiple births were 
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most frequent from 5 to 7 years of age (22) . There is some seasonal variation 
in the incidence of twins. In dairy cattle it is highest in July and Aprils 
and lowest in January and June (21); in beef cattle in the United States it 
is highest in August and lowest in March (23). Fifty-seven per cent of twins 
are male and female (22), and of the female twins in this sex combination 
only 6 per cent are fertile (24,25) . 

The sex ratio at birth has been the subject of an extensive investigation 
(21), and it was found to be 51.52 ±: .14 per cent males. The number of 


Table 6. The Effect of Inseminating Cows at Different Times on Fertlity 


TIME OF INSEMINATION 

PERCENT 

FERTILE 

Beginning of heat 

44.0 

Mid-heat 

82.5 

End of heat 

75.0 

6 hours after end 

62.5 

12 hours after end 

32.0 

18 hours after end 

28.0 

24 hours after end 

12.0 

36 hours after end 

S.O 

48 hours after end 

0 


the pregnancy had no significant effect except for the first calf, in which 
the ratio was 52.76 zt .49 per cent males. The ratio in abortions and still- 
births was 58,04 ±; 1.58 per cent males, which suggests, in conjunction with 
the ratio at birth, that many more males are conceived than females- The 
sex ratio of fetal calves is somewhat variable, but the trend is toward a 
greater number of males in the younger fed (26). Multiple births tend to 
have a lower proportion of males (21). 

The mean duration of gestation varies with the breed, and the range of 
the breed means is from 278 to 290 days. Some mean gestations are given 
in table 7. There is general agreement that males are carried about i day 
longer than females and that the gestation of twins lasts 5 to 6 days less 
than that of singles, A slight increase with the age of the dam up to 6 
years of age, perhaps 2.5 days in all (28), has been generally noted, but the 
month of calving has little or no effect. There is little indication that birth 
is much more frequent at one time of day than another (44), though there 
is some suggestion that fewer are born during the early morning and eve- 
ning (45). 
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Table 7. Mean Gestation Periods of Cattle by Breeds 


BREED 

DURATION 

OF 

GESTATION 

DAYS 

! 

OTHER DAT.\ 

Ayrshire (27) 

i 277.84 zfc .12 

S.D.—4.30 

Jersey (27) 

277.94 =t .23 

S.D.===:5.48 

Holstein (28) 

278.15 zt. 15 


Holstein (27) 

278.27 dr .16 

S.D. = 4.89 

Jersey (29) 

278.5 

1 

11=1,075; 90 per cent from 
271-285 

Jersey (28) 

278.9 dr .18 

S.D.=: 4.74 

Oldenburg Wesermarschvieh (30) 

279.3 ±.2 

Holstein (31) 

’ 279.9 dr .06 

80 per cent from 273-286; 
singles only 

Beef Shorthorn (32) 

i 280.8 

n = 164 

Holstein (33) 

281.0 dt .15 


Westerwaldcr (30) 

281.4 dz .1 

S.D.~ 4.3 

Montafon (34) 

28r.5 


Gray Bulgarian (35) 

281.5 


Milking Shorthorn (32) 

; 281,7 

11=133 

Swedish Friesian (36) 

281.85212,19 


British Friesian (23) 

282 


Angler (30) 

282.2 dr ,2 

S.D. = 5.4 

Aberdeen Angus (27) 

282.5 — 

S.D. = 3.6o 

Guernsey (33) 

2S3.0 rd .46 


Sindhi (37) 

283 


Swedish Red and White (38) 

283.7 ^ 

S.D. = 5.8; mode = 283-284 

Jersey (33) 

284.3 ±.7 


Ayrshire (33) 

284.6 db .44 


Antioqueno (39) 

285 


Red Poll (23) 

1 285 


Hereford (27) 

1 285,2 rfc .15 


Norwegian (40) 

285.8 rfc ,07 

S.D. = 5,7 

Mocho Nadonal (41) 

286.5 rd .58 


Caracu (41) 

286.9 — ‘35 


Ongole (42) 

289.1 1 


Brown Swiss (43) 

^0 


Bernese (34) 

29o.r 



S.D» = standard deviation; n — number of observations. 
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HISTOLOGY OF THE FEMALE 

OVARY. At birth the ovaries are in an advanced stage o£ development; 
vesicular follicles can be found in young cattle at all ages (46). The age at 
first heat is stated to vary from 6 to 18 months, with pronounced breed dif- 
ferences, but no precise data bearing on this point have been found. Large 
follicles, which have reached the usual maximum, 12 mm. in diameter, be- 
fore the ovulatory increase sets in, are found in the ovaries of 6-month-old 
calves well before puberty (i). During the cycle follicles of this size, or a 
little larger, are found at 8 to 9 days postestrum and also during pregnancy 
(47). The maturation growth is made mainly during heat, and the size 
of the follicle at ovulation is 16 to 19 mm. (48). The histology of the de- 
veloping follicle seems to have received little attention, but the changes 
during ovulation and the development of the corpus lutetim have been de- 
scribed in detail (48) . 

In the mature follicle during heat the blood vessels of the theca interna, 
which is prominent in the cow, are distended, and there is a slight leakage 
of erythrocytes into the granulosa and into the outer part of the liquor fol- 
liculi. A few granulosa cells are already enlarged. Many leucocytes can be 
found in the follicle. At ovulation much liquor foUiculi and the cumulus 
are emitted, but most of the granulosa remains. The theca externa contracts 
markedly, throwing the theca interna and the granulosa into deep folds. 
There is some hemorrhage at the point of rupture, but any slight hemorrhage 
in the follicle is confined between the theca interna and the granulosa, where 
there is a very thin connective-tissue layer. At this time the diameter has 
shrunk to 5 to 8 mm. The follicle wall protrudes slightly through the rup- 
ture point, and occasionally lymph is extruded into the cavity and walled 
off, producing a small cyst. 

The growth of the corpus luteum begins immediately. Theca interna 
lobes grow into the folds and form connective-tissue strands, the blood ves- 
sels are engorged, and there is an invasion of leucocytes, mostly in the theca 
interna. The lipid content of the granulosa cells rapidly increases, and, to 
a lesser extent, that of the theca interna cells in wdiich the granules are 
larger. At 3 days after heat, i.e., in the 2-day-old corpus luteum, the granulosa 
cells have increased from 10 to 15 /x in size. Mitoses are fairly common in 
the theca cells; eosinophils are common, but the spindle cell invasion (thecal) 
described by Corner in the developing corpus luteum of the pig has not 
been found. By the fifth day the granulosa ceils increase to 20 fi, and by the 
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sixtli arterioles have formed and mitosis has ceased in the theca cells. At 
7 days the granulosa cells reach their maximum size, 25 to 30 }i, and on the 
next day connective tissue elements are becoming more pronounced. At 14 
days the lipid increases in both granulosa and theca cells, and the granules 
begin to coalesce in the former, which, in a few cases, begin to show signs 
of degeneration. At 17 days both cell types are involved in the degenerative 
changes. By the twentieth day retrogression has well set in; large fat drop- 
lets are seen in the cells, and blood vessels and connective tissue are much 
more prominent. When the cow is in heat, the granulosa and theca cells 
of the old corpus luteum cannot be distinguished one from the other, and 
the capillaries undergo resorption. 

The mature corpus luteum is either globular or oblong in shape. Its color 
is at first light brown to brownish yellow. Gradually it becomes less brown 
and by the seventh day it is old gold. At 14 days it is bright golden yellow, 
deepening to orange by the twentieth day. During involution it becomes 
brick red, and it remains as a bright streak of connective tissue for a year 
or more. In old cows retrogression is slower than in young ones (48). 

The young corpus luteum measures about 6 to 8 mm. By 8 days it has in- 
creased to 18 to 20 mm. and when it is mature it measures 20 to 25 mm. 
There is no marked reduction in size until it is 20 to 30 days old (47) . Dur- 
ing pregnancy its size and weight remain almost constant, but the lipid 
globules increase in size and number after 5 months. Its removal at any 
time during pregnancy results in abortion, even when this operation is per- 
formed late in the period (49). 

VULVA. During proestrum the vulva swells slightly, and this swelling 
becomes more pronounced during heat. Within the lips the mucosa becomes 
congested and is bright cherry red in color. The swelling subsides rapidly 
after heat has passed, and the vulva becomes wrinkled, but the congestion 
remains until a short while after ovulation (50). 

VAGINA. The vaginal epithelium consists of two distinct regions. In 
the vestibule, and for a short distance above it, stratified squamous epithe- 
lium with frequent patches of lymphoid tissue is found; above that region 
stratified epithelium with a superficial layer of mucoid cells extends to the 
cervix uteri. 

In the vestibular region during heat the superficial cells react more readily 
to acid stains, and the number of leucocytes increases. There is also conges- 
tion and edema, both of which are also pronounced during proestrum. By 
2 days postestrum these changes have subsided, but the epithelial cells of 
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the middle layer have increased in size and number, and this increase is 
very marked by 8 to ii days (47). Cornification increases from the tenth to 
the eighteenth day, after which desquamation sets in (51). Extravasation 
of erythrocytes is found in the more caudal portion of the region during 
and just after heat (47). 

In the mucoid portion of the vagina the changes with the cycle are more 
clear-cut in the region i to 2 cm. from the cervix. The superficial layer 
consists of tall columnar mucus-secreting cells with many goblet cells inter- 
spersed between them. The latter are less frequent posteriorly. Below this 
layer are 2 to 6 layers of polyhedral cells. During proestrum the goblets are 
clear and free from granules; the cells do not stain with hematoxylin at 
this time but do with mucicarmine. The stroma is edematous. At heat the 
congestion and edema are more pronounced and the cells secrete mucin. 
The initiation of secretion proceeds down the vagina in a wave so that 
during the postestroiis period the posterior portions of the mucoid region 
are active. The nuclei are compressed into the basal ends of the cells. Edema 
and congestion disappear rapidly after the end of heat; the epithelium 
decreases in height as the cells are emptied of their secretion, and the nuclei 
become oval. By 2 days postestrum the superficial layer takes on a serrated 
appearance and begins to stain with hematoxylin more intensely than it did 
before; the polyhedral cells increase in number, and, though there are few 
leucocytes, many lymphocytes invade the stratified layer. During the mid- 
diestrum the surface epithelium is low columnar and vacuolated, but this 
is succeeded by gradual growth to the next proestrum (47). 

Smears from the vestibule show increased numbers of cornified cells dur- 
ing proestrum and estrus, but leucocytes are never absent; individual varia- 
tion is so great that little reliance can be placed on the smear as a method 
of diagnosis. Deeper smears contain more epithelial cells and lymphocytes. 
There is a sudden, marked increase in leucocyte content 3 hours after mating 

(52) . This would appear to be due not to friction but to the presence of 
semen in the tract, since the condition also follows artificial insemination 

(53) - 

It should be noted that the extravasation of blood in the vaginal wall 
is small and insuflScient to color the mucus. Recent work suggests that 
it may occur during the proestrum and also at about the twelfth day post- 
estrum, indicating that it happens at the periods of most intense growth in 
the vagina (4) . 

UTERUS, The cervix uteri is covered with a single layer of mucoid epi- 
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thelium which is much folded. The changes during the cycle are similar 
to those described for the upper vagina : congestion and edema during, and 
just after, heat; cubical cells in the diestrum, becoming columnar and full 
of mucin during heat, discharging and becoming ragged and cubical about 
72 hours after heat (i). The epithelial cells reach their greatest height at 
17 to 18 days; secretion begins at the tips of the folds, and exhaustion of the 
cells is not complete in the crypts until about the fourteenth day (51). 

The uterus contains numerous caruncles or cotyledons which aid in the 
attachment of the fetal membranes. The stroma is somewhat more dense 
in the cotyledons; there are more blood vessels and no gland openings. The 
intercotyledonary area is richly supplied with glands, which are scanty be- 
fore puberty but rapidly develop as sexual life begins (i). 

At the end of diestrum the uterine epithelium is tall columnar and pseudo- 
stratified, and the stroma becomes congested and edematous. These changes 
increase during, and for a day after, heat. At the second day the congestion 
and edema have decreased while the cells, which have begun to secrete, 
are flatter. At this time, also, many of the congested blood vessels break 
down, and extravasated blood is present, especially in the cotyledons. At no 
time does the epithelium break; the erythrocytes find their way in large 
numbers into the lumen by diapedesLs. This is the source of the postestrous 
bleeding. There is a similar, but much less severe, extravasation of blood 
at about the tenth day which does not appear as a vaginal discharge (47). 
This occurs at about the same time as the interheat vaginal congestion. The 
causes of neither of these extravasations have been worked out, and more 
information is needed upon the effects of different hormone levels before the 
condition can be understood. The glands are fairly quiescent and the lumens 
straight during proestrum and heat. At 2 days postestrum they are more 
coiled, and the lumens are filled with secretion; they begin to hypertrophy 
as the corpus luteum grows, and they are at their greatest growth at about 
12 days postestrum. At the fifteenth day retrogression begins. 

The muscle fibers of the uterus are longest at the time of heat and for 2 
days afterwards. This growth begins at the tubal end of the uterine horns 
and spreads toward the cervix. AfterwardsS the fibers diminish in size and 
are shortest at about the seventeenth day. They have most spontaneous ac- 
tivity when they are longest (54). 

OVIDUCT* The tubo-uterine junction of the cow is at the tip of the 
cornu. It is straight, without a villus, and with only a slight sphincter, which 
does not prevent the passage of fluid from the uterus into the tube (55) . 
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The tubal epithelium has a distinct cycle. More mucus and leucocytes 
are found in the lumen at 2 days postestrum than at other times; the epithe> 
hum becomes lower at 8 days, and at this time numerous globules of cyto~ 
plasm, the centers deeply staining with hematoxylin, are found. These have 
been interpreted as extruded nuclei, but, to the writer, they appear to be 
secreted protein which is imbibing fluid at the periphery, thus staining less 
deeply in that region than at the center. During proestrum the cilia are 
much more prominent than they are earlier, and the cells enlarge. They are 
tallest during heat and lowest at from 8 to 12 days, when the protein has 
been extruded. 

PHYSIOLOGY OF THE FEMALE TRACT 

One of the main external characteristics of the heat period is the secretion 
of large quantities of stringy mucus, which is derived partly from the mucoid 
epithelium of the vagina and partly from the seal which plugs the cervix 
when the cow is not in heat. This liquefaction is brought about by a change 
in pH which occurs at heat. The literature on this subject has been summa- 
rized (56). In vitro specimens of the vaginal secretions are rarely acid. Dur- 
ing the diestrum they average pH 8.1, dropping to 7.2 at heat, while the 
cervical mucus is about 1.5 units lower. The injection of estrogens into sterile 
cows brings about the shift in pH observed during heat (57) . The in vivo 
changes are not so marked; the secretions are less alkaline, and they may 
even be acid (56,58). 

The flow properties of the mucus have been investigated, and they may be 
used as an indication of physiological heat when psychological signs are 
slight. The viscosity is least, and the flow elasticity is greatest, at heat. The 
decrease in viscosity begins 24 hours before heat, and it has risen again by 
60 hours postestrum (59) . In the ovariectomized cow a flow of mucus can 
be produced by the injection of small amounts of estrogen, 350 to 1,000 
R.U. daily; with larger doses, 10,000 R.U. and upwards, it is suppressed 
because of the cornifying action of these large doses upon the vaginal epithe- 
lium (60). During pregnancy the cervical seal is exceptionally tough in spite 
of the estrogens present at that time. 

The motility of the uterus during the cycle has been studied by the balloon 
technic (61). Activity is very marked during heat and for 2 to 3 days after 
ovulation, but the uterus becomes relatively refractory to pituitrin imme- 
diately after ovulation. Spontaneous activity decreases until the eleventh 
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to the sixteenth day after ovulation, but from that time onward spontaneous 
activity and response to pituitrin increase, to become greatest during heat. 
Ovariectomy abolishes spontaneous motility. Uterine strips have been studied 
in detail (54). Spontaneous motility is greatest in these during proestrum 
and estrus, when the muscle fibers are longest; it becomes irregular during 
metestrum and dies down in diestrum. Two types of waves have been 
observed, strong contractions of great amplitude at intervals of 1.5 to 2 
minutes, and small contractions at intervals of 20 to 30 seconds. The latter 
increase in importance during metestrum and are a large factor in the pro- 
duction of the irregularity. In early diestrum long rhythmic changes of 
tone also occur. Sympathicomimetic drugs are active at all times in the 
cycle, but parasympathicomimetic drugs are irregular in their action or 
even inert. Epinephrin is inhibitory during the estrogenic phase and motor 
in the lutein phase of the cycle. The cow is similar to the dog and cat in 
this respect. During proestrum there is a tendency for a diphasic response to 
appear, first a slight contraction, followed by a marked relaxation. After 
ovariectomy spontaneous activity is not always abolished, but epinephrin 
is without effect, a difference from the result found in the cat (60), If the 
ovariectomized cow is treated with estrogen, the characteristic spontaneous, 
and also the epinephrin, responses are evoked. If she is treated with 250 R.U, 
of estrogen and 18 Rab.U. of progesterone together each day for 6 days, a 
marked diphasic response to epinephrin is given. If the progesterone is in- 
creased to 35 Rab.U. daily, the estrogen relaxation with epinephrin no 
longer occurs and contractions result. With these doses of estrogen the low 
progesterone cows showed an approximation to the estrogen type of spon- 
taneous activity; with increasing doses of progesterone the activity became 
less in amount and more irregular. 

The level of estrogen in the follicular fluid of cows is about 321 M.U. per 
kg. of fluid (62) or, in ovaries at the time of heat, 4,6 R.U. per follicle (63). 
The minimum dose of estrogens that will bring the spayed cow into heat 
is 350 R.U. of estradiol benzoate for 2 days, and the average dose is 600 R.U. 
per day for 3 days. The less vigorous the heat period in normal life, the 
harder it is to bring the cow in heat after ovariectomy. Even though the 
injections are continued, the cow remains in heat for less than a day. The cen- 
tral nervous system becomes refractory, since the usual changes in the 
uterus and vagina continue. As this threshold is very low, it is logical to 
assume that in the normal cow it is reached early in the development of the 
follicle. As refractoriness sets in quickly, the cow goes out of heat although 
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the follicle is still growing. Hence the fact that the cow, alone of all known 
animals except the bat, in which the cause may be different, is out of heat 
before ovulation. Estrogens cannot be detected in the urine at any time of 
the cycle (60). 

The corpora lutea contain from 8 to 14 Rab.U. of progesterone per kg. of 
fresh tissue (64), As was mentioned above, the injection of 18 Rab.U. daily 
for 6 days, together with 250 R.U. daily of estrogen, brings about a diphasic 
response of the uterine muscle to epinephrin, while an increase to 35 Rab.U, 
daily brings about the pure diestrous response; hence the minimal output 
of progesterone by the corpus luteum is probably between these figures (60) . 
These amounts are exceptionally low for so large an animal. 

The output of estrogen during pregnancy is also very low. The rate of 
excretion in the urine is around 200 R.U. daily for the first 100 days. It then 
gradually rises to about 1,000 R.U. at 200 days, after which the rise is more 
rapid, so that at the time of parturition the rate of excretion may be as high 
as 6,000 R.U., though it is usually less than 3,000 R.U. (65,66). 

The anterior pituitary of cattle contains very little F.S.H., the lowest yet 
known (67,68) . The content of L.H. is about the same as that of the hog but 
is considerably lower than that of the sheep. The cow seems to have a low 
level of sex hormone activity throughout. The freemartin, female cotwin 
to a bull, is usually sterile because the gonads have been modified toward the 
male. Probably this is due to the low threshold of the hormones involved. 
The cat also has the anastomosis of blood vessels regarded as necessary for 
the production of this anomaly, but feline freemartins have not been found. 
The cat has a higher level of sex hormone activity throughout, so the 
threshold which would produce a change may be higher and not attained 
during pregnancy. 

The level of prolactin in the anterior pituitary is high, about 400 to 500 
B.U. per gram of fresh tissue (69). This may account for the longer life of 
the corpus luteum of the cow, longer than is usual in mammals, though little 
is known of the comparative levels. 

The gonadotrophic hormones are said to be concentrated in the medulla, 
and the lactogenic hormone in the cortex, of the pituitary (70) . The content 
of the former falls steadily during gestation (71). 

It has been reported that 1,500 LU. of pregnant mare''s serum does not 
produce ovulation in the presence of the corpus luteum, but that 5,000 LU. 
is effective (14) ; another report records that 700 M.U. is the most effective 
dose. The follicles rupture 48 to 72 hours after injection, and the normal 
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to the sixteenth day after ovulation, but from that time onward spontaneous 
activity and response to pituitrin increase, to become greatest during heat. 
Ovariectomy abolishes spontaneous motility. Uterine strips have been studied 
in detail (54). Spontaneous motility is greatest in these during proestrum 
and estrus, when the muscle fibers are longest; it becomes irregular during 
metestrum and dies down in diestrum. Two types of waves have been 
observed, strong contractions of great amplitude at intervals of 1.5 to 2 
minutes, and small contractions at intervals of 20 to 30 seconds. The latter 
increase in importance during metestrum and are a large factor in the pro- 
duction of the irregularity. In early diestrum long rhythmic changes of 
tone also occur. Sympathicomimetic drugs are active at all times in the 
cycle, but parasympathicomimetic drugs are irregular in their action or 
even inert. Epinephrin is inhibitory during the estrogenic phase and motor 
in the lutein phase of the cycle. The cow is similar to the dog and cat in 
this respect. During proestrum there is a tendency for a diphasic response to 
appear, first a slight contraction, followed by a marked relaxation. After 
ovariectomy spontaneous activity is not always abolished, but epinephrin 
is without effect, a difference from the result found in the cat (60). If the 
ovariectomized cow is treated with estrogen, the characteristic spontaneous, 
and also the epinephrin, responses are evoked. If she is treated with 250 R.U, 
of estrogen and 18 Rab.U. of progesterone together each day for 6 days, a 
marked diphasic response to epinephrin is given. If the progesterone is in- 
creased to 35 Rab.U. daily, the estrogen relaxation with epinephrin no 
longer occurs and contractions result. With these doses of estrogen the low 
progesterone cows showed an approximation to the estrogen type of spon- 
taneous activity; with increasing doses of progesterone the activity became 
less in amount and more irregular. 

The level of estrogen in the follicular fluid of cows is about 321 M.U. per 
kg. of fluid (62) or, in ovaries at the time of heat, 4.6 R.U. per follicle (63). 
The minimum dose of estrogens that will bring the spayed cow into heat 
is 350 R.U. of estradiol benzoate for 2 days, and the average dose is 600 R.U. 
per day for 3 days. The less vigorous the heat period in normal life, the 
harder it is to bring the cow in heat after ovariectomy. Even though the 
injections are continued, the cow remains in heat for less than a day. The cen- 
tral nervous system becomes refractory, since the usual changes in the 
uterus and vagina continue. As this threshold is very low, it is logical to 
assume that in the normal cow it is reached early in the development of the 
follicle. As refractoriness sets in quickly, the cow goes out of heat although 
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the follicle is still growing. Hence the fact that the cow^ alone of all known 
animals except the bat, in which the cause may be different, is out of heat 
before ovulation. Estrogens cannot be detected in the urine at any time of 
the cycle (60). 

The corpora lutea contain from 8 to 14 Rab.U. of progesterone per kg. of 
fresh tissue (64). As was mentioned above, the injection of iS Rab.U. daily 
for 6 days, together with 250 R.U. daily of estrogen, brings about a diphasic 
response of the uterine muscle to epinephrin, while an increase to 35 Rab.U. 
daily brings about the pure diestrous response; hence the minimal output 
of progesterone by the corpus luteum is probably between these figures (60) , 
These amounts are exceptionally low for so large an animal 

The output of estrogen during pregnancy is also very low. The rate of 
excretion in the urine is around 200 R.U. daily for the first 100 dayvS. It then 
gradually rises to about 1,000 R.U. at 200 days, after which the rise is more 
rapid, so that at the time of parturition the rate of excretion may be as high 
as 6,000 R.U., though it is usually less than 3,000 R.U. (65,66). 

The anterior pituitai'y of cattle contains very little F.S.H., the lowest yet 
known (67,68) . The content of L.H. is about the same as that of the hog but 
is considerably lower than that of the sheep. The cow seems to have a low 
level of sex hormone activity throughout. The freemartin, female cotwin 
to a bull, is usually sterile because the gonads have been modified toward the 
male. Probably this is due to the low threshold of the hormones involved. 
The cat also has the anastomosis of blood vessels regarded as necessary for 
the production of this anomaly, but feline freemartins have not been found. 
The cat has a higher level of sex hormone activity throughout, so the 
threshold which would produce a change may be higher and not attained 
during pregnancy. 

The level of prolactin in the anterior pituitary is high, about 400 to 500 
B.U. per gram of fresh tissue (69) . This may account for the longer life of 
the corpus luteum of the cow, longer than is usual in mammals, though little 
is known of the comparative levels. 

The gonadotrophic hormones are said to be concentrated in the medulla, 
and the lactogenic hormone in the cortex, of the pituitary (70) . The content 
of the former falls steadily during gestation (71). 

It has been reported that 1,500 LU, of pregnant mare’s serum does not 
produce ovulation in the presence of the corpus luteum, but that 5,000 LU. 
is effective (14) ; another report records that 700 M.U. is the most effective 
dose. The follicles rupture 48 to 72 hours after injection, and the normal 
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periodicity of the cycle is not disturbed. Injections were made 4 to 8 days 
after normal heat (72). 

New ova are produced during adult life from the neogenic stratum below 
the ovarian tunic and not from the stratum germinativum (73). The cow’s 
ovum has been described and measured; it is 120 m in diameter without the 
zona pellucida (74). The pH of the uterus from which this specimen was 
obtained was 7.1, which agrees well with the pH recorded by others (53), 
Tables showing the rate of prenatal growth of the embryo and fetus have 
been prepared (75). 


THE MALE 

At I month of age the testis consists mainly of mesenchyme. Cells of 
Ley dig are formed by 3 /'2 months; from 2 to 5 years of age they are highly 
vacuolated, then the vacuoles diminish. The androgen content of the testis 
increases at a uniform rate during the first 2 years. From 2 to 5 years it in- 
creases sharply, and thenceforward it decreases. Tliere are no striking changes 
in the Leydig cells or in the androgen content of the testis at puberty (76) . 

At 63 days a few primary spermatocytes may be found in the tubules, at 
181 days they are abundant in all tubules, and at 224 days spermatozoa are 
fully formed (77) . The testis increases tenfold in size from birth to 3 months 
and threefold from the fourth to the seventh month. Spermatozoa are 
formed at 6 months, and at 7 months they are free in the lumen of the 
tubules (78). 

Spermatozoa remained potentially motile In the epididymis isolated from 
the testis for over 2 months (79). It is interesting to note in this connection 
that Aristotle was led to deny any direct reproductive function for the testis 
because a bull remained fertile for a while after it had been castrated (80). 
In the ampulla of the vas deferens spermatozoa remain motile for less than 
72 hours (81). 

After service the cervix of the cow is filled with spermatozoa within half 
an hour, the first sperm enter the uterus in less than 40 minutes, and they 
are at the ovarian ends of the oviducts in 4 hours. In one case the time was 
1% hours. Motility is maintained for 30 hours; after 40 it is slight or absent, 
but if artificial insemination is performed outside the heat period, survival 
is only for 10 to 15 hours (82) . The optimal conditions for survival are found 
in the cervix uteri, but, according to one report (19), the time of survival 
here is 15 hours at most. The spermatozoa do not depend entirely upon their 
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own powers of locomotion, since after artificial insemination of a cow with 
dead sperm they were found in the oviduct (82). 

The normal ejaculate is an opaque, white to yellowish-white, milky or 
creamy fluid, and the higher the sperm content, the whiter it is. For dairy 
bulls the mean volume is 4.6 cc., with a modal ejaculate of 4 to 5 cc. (83). 
Other records give 3.7 ±: .2 cc. (84), and 4.2 cc. (85). The mean sperm con- 
tent is 1,010,800 per cu. mm., with a wide range from 120,000 to 2,144,000, 
and a modal frequency of 750,000 to 1,250,000 (83). These figures are very 
close to those given by most other workers, and they may be regarded as 
typical. The mean pH is 6.9 ±: .07 (84), also typical of most results. In this 
case the range was 6:39 to 7.81. The same paper gives the A as 0.62° C. Semen 
is well buffered in the region of pH 4.0 to 5.5 and from pH 9.0 to lo.o, but 
buffering is higher on the acid than on the alkaline side of neutrality. As 
the curve for fluid from the seminal vesicles is very similar to that for whole 
semen, probably the secretion of these glands determines the shape (86). 

There is no seasonal variation in pH; the semen volume is least in July 
to September; initial motility and power of survival are least, and the 
proportion of abnormal spermatozoa is greatest, also in these months. The 
best semen is produced in the spring (78). There is no difference in effec- 
tiveness if artificial insemination is performed with a volume of semen over 
a range of 0.4 to 6.0 cc, (83). 

The pH of the seminal vesicle secretion, taken post mortem, varies from 
5.5 to 6.5 (88). The K, Na, and Ca content of some of the secretions of the 
male tract are given in table 8 (89). 

For range (beef) cattle the semen volume was 4.84 ± .07 cc., with a 
modal distribution from 3.5 to 5.5 cc., and 80 per cent between 2.5 and 7.5 cc. 
The mean concentration of spermatozoa was x, 160, 000 per cu. mm., with a 
mode of i.i to 1.3 millions, and 80 per cent between 0.7 and 1.7 millions (7). 
These figures are a little higher than similar means for dairy bulls. 

Bull’s urine contains 200 M.U. of androgen per liter (90). 

Table 8. Average Composition of Secretions from the Accessory Sex Organs of the Bull 


ORGAN CONTENT, mg. per 100 cc. 



K 

Na 

Ca 

Epididymis 

278.4 

115.0 

81.7 

Ampulla 

320.8 

165.4 

26.7 

Vesiculac seminales 

326.1 

138.5 

32.6 

Sperm serum 

227.8 

277.8 

33-9 



354 


MAMMALIAN REPRODUCTION 


1. Hammond, J. The Physiology of Reproduction in the Cow. Cambridge, 1927. 

2. Quinlan, J., and L. L. Roux. Onderstepoort J. Vet. Sci. and Anim. Ind., 6: 719- 
772, 1936. 

3. Quinlan, J., L. L. Roux, and W, G. van Aswegen. Onderstepoort J. Vet. Sci. and 
Anim. Ind., 12: 233-249, 1939. 

4. Cupps, P. T. Thesis, Cornell University, 1943. 

5. Chapman, A. B., and L. E. Casida. J. Agric. Res., 54: 417-435, 1937. 

6. Alba, J. de. Thesis, Cornell University, 1944. 

7. Lasley, J. R, and R. Bogart Mo. Agric. Exp. Sta., Res. Bill. 376, 1943. 

8. Quinlan, J., J. H. R. Bisschop, and T. R Adalaar. Onderstepoort J. ^^et. Sci. and 
Anim. IncL, 16: 213-241, 1941. 

9. Gerasimova, A. A. Probl. Zivotn., No. 12: 126-129, 1938. 

10. Brewster, J. E., R. May, and C. L. Cole, Proc. Am. Soc. Anim. Prod., 304-310, 1940. 

11. Nelbandov, A,, and L. E. Casida. J. Anim. Sci,, i: 189-198, 1942. 

12. Reece, R. P., and C. W. Turner. J, Dairy Sci., 21: 37-39, 193H. 

13. Schramm, W. Deutsche Tierarztl. Woch., 45: 387-389, 1937* 

14. Hammond, J., Jr., and P. Bhattacharya. J. Agric. Sci., 34: 1-15, 1944. 

15. Chapman, A. B., and L. E. Casida. Proc. Am. Soc. Anim. Prod., 57, 1934. 

16. Krupski, S. Schweiz. Arch. f. Tierheilkunde, 59: 1917. 

17. Trimberger, G. W. J. Dairy. Sci., 24: 819-823, 1941. 

18. Trimberger, G. W,, and IT, P. Davis. Neb. Agric. Rxp. Sta., Res. Bui. 129, 1943. 

19. Kirillov, V. S. Probl. Zivotn., No. 3: 34-42, 1937. 

20. Gerasimova, A. A., N. G. Potapova, M. J. Solovei, and B, ?. Hvatov, Dokl. Akad. 
Seijskohoz Nauk, No. 13: 26-30, 1940. 

21. Johansson, L Z. Zucht, 24B: i<S3-268, 1932. 

22. Ruthardt, E. Diss., Univ. Leipzig, 1935, 

23. Cole, L. J., and A. Rodolfo. Proc. Am. Soc. Anim. Prod., 116-118, 1924. 

24. Hewitt, A. C. T. J. Dairy Res., 5: 1 01-107, ^ 934 * 

25. Boenig, — . Deutsche Ticrarzt Woch., 46: 705-707, 1938. 

26. Chapman, A. B., L. E. Casida, and A. Cole. Proc. Am. Soc. Anim. Prod., 303-304, 

1938- 

27. Livesay, E. A., and U. G. Bee. J. Anim, Sci., 4: 13-14, 1945, and personal com- 
munication. 

28. Knoop, C. E., and C. C. Hayden. Ohio Agric. Exp. Sta., Bimonthly Bui. 166: 8-14, 
1934 - 

29. Copeland, L. J. Dairy Sci., 13*. 257-265, 1930. 

30. Asdell, S. A. J. Agric. Sci., 19: 3(82-396, 1929. 

31. Knott, J. C. J. Dairy Sci., 15: 87-98, 1932. 

32. Knapp, B., W. V. Lambert, and W. H. Black. J. Agric. Res., 61: 277-285, 19^10. 

33. Fitch, J. B., P. C. McGillard, and G, M. Drum. J. Dairy Sci., 7: 222-233, ^ 9 - 4 * 

34. Jakubeh, V. Sbornik Ceskoslovenske Akad. Zemed., 16: 1941. 

35. Geroff, A- Z. Zucht, 21B: 125-145, 1931, 

36. During, T. Z. Zucht., 39B: 25-30, 1937. 

37. Dave, C. N. Poona Agric. Coll. Mag., 33: 24-43, 1941, 

38. Johansson, L Ultima Landtbr, Inst, 41-59, 1928, 



ARTIODACTYLA 


355 


39. Rev. Med. Vet. Bogota, 7: 61-85, ^ 93 ^* 

40. Berge, S. Z. Ticrzucht und ZuchtungsbioL, 52: 127-167, 1942. 

41. Jordao, L. P., and J. S, Veiga. Rev. Indiistr. Anim., N.S. 2: 27-38, 1939. 

42. Littlewood, R. W. Agric, Livestock, India, 7: 61-64, 1937. 

43. Engeler, W. Arbeit aus dem Sweizerischen Stammzuchtbuch fur Braunvieh. 
Luzern. Bern, 1933. 

44. Richter, J. Bed. Tierarzt. Woch., 49: 517-521, 1933. 

45. Rademacher, A. Vet. Med. Diss., Tierarztliche Hochschule, Hannover, 1936. 

46. Casida, L. E., A. B. Chapman, and 1 . W. RupeL J. Agric. Res., 50: 953-960, 1935. 

47. Cole, H. H. Am. J. Anat, 46: 261-302, 1930. 

48. McNutt, G. W. J. Am. Vet. Med. Assn., 65: 556-597, 1924. 

49. Sartoris, P. Nuovo ErcoL, 43; 133-154, 193S. 

50. Bemis, H. E. J. Am. Vet. Med. Assn., 62: 536-538, 1923. 

51. Miirphey, H. S. J. Am. Vet. Med. Assn., 65: 59S-621, 1924. 

52. Schneerson, S. S. Shorn. Trud. Zootch. Kaf. s.h. SkoL Kirov., i: 126-141, 1936. 

53. Sergin, N. P., hi. P. Kuznecov, V. M. Kozlova, and T. N. Nesmejanova. DokL 
Akad. Seljskohoz Naiik, No. 15: 24-28, 1940. 

54. Cupps, P. T., and S. A. Asdell. J. Anim. Sci., 3: 351-359, 1944. 

55. Andersen, D. H. Am. J. Anat., 42: 255-305, 1928. 

56. Brown, P. C. Am. }. Vet. Res., 5: 99-112, 1944. 

57. Smith, S. E., and S. A. Asdell. Am. J. Vet. Res., 2: 167-174, 1941, 

58. Dougherty, R. W, North Am. Vet, 22: 216-219, 1941. 

59. Blair, G. W. S., S. J, Policy, F. FL Malprcss, and F. M. U. Coppen. Biochem. J., 
35: T039-1049, 1941. 

60. Asdell, S. A., J, de Alba, and S. J. Roberis. J. Aiiim. ScL, 4: 277-284, 1945. 

61. Evans, E. L, and F. W. Miller. Am. J. Physiol., 116: 44-45, 1936. 

62. Parkes, A. S., and C. W. Bellerhy. J. Physiol., 61: 562-575, 1926. 

63. Allen, E. Proc. Soc. Exp. Biol, and Med., 23: 383-387, 1926. 

64. Kimura, G. G. Proc. Soc. Exp. Biol, and Med., 33: 97-99, 1935. 

65. Turner, C, W., A. H. Frank, C. H. Lomas, and C. W. Nibler. Mo. Agric. Exp. Sta., 
Res. Bui. 150, 1930. 

66. Hisaw, F. L., and R. K. Meyer. Proc. Soc. Exp. Biol, and Med., 26: 586-588, 1929. 

67. Witschi, E. Endocrinol., 27: 437-446, 1940. 

68. West, E,, and H. L. Fevold. Proc. Soc. Exp. Biol, and Med., 44: 446-449, 1940. 

69. Reece, R. P., and C. W. Turner, Mo. Agric. Exp. Sta., Res. Bui. 266, 1937. 

70. Friedman, M, FL, and S. R. Flail. Endocrinol., 29: 179-186, 1941- 

71. Nalbandov, A., and L. E. Casida. Endocrinol., 27: 559-566, 1940. 

72. Zavadovskii, M. M., 1 . A. Eskin, and G. F. Ovsjannikov. Trud. Dinam. Razvit, 
9: 75-96, 1935: 

73. Cole, H. H. Proc. Soc. Exp. Biol, and Med., 31: 241-243, 1933. 

74. Hartman, C. G., W. FI. Lewis, F. W. Miller, and W. W. Swett. Anat Rcc., 48: 
267-275, 1931. 

75. Winters, L. M., W. W. Green, and R. E. Comstock, Minn. Agric. Exp. Sta., Tech. 
Bui. 15 1, 1942. 

76. Hooker, C. W. Am. J. Anat, 74: 1-32, 1944. 



MAMMALIAN REPRODUCTION 


35 ^ 

77. PhillipSj R. W., and F. N. Andrews. Mass. Agric. Exp. Sta., Bui. 331, 1936. 

78. Michatsch, G. Diss., Berlin, 1933. 

79. Kirillov, V. S., and V. A. Morozov. Usp. Zooteli, Nauk, 2: 19-22. 1936. 

80. Aristotle. Dc Generatione Animalium. Ed. A. Platt. Oxfortl, 1910. 

8r. Kirillov, V. S. Probl. Zivotn., No. 2: 189-198, 1938. 

82. Beshlebnov, A. V. Probl. Zivotn., No. 2: 73-88, 1938. 

83. Herman, H. A., and E. W. Swanson. Mo. Agric. Exp. Sta., Res. Bill 326, 1941. 

84. Hatzcolos, B. Z. Ziicht., 38B: 199-254, 1937. 

85. Davis, H. P., and N. K. Williams. Proc. Am. Soc. Atiini. Prod., 232-242, 1939. 

86. Smith, S. E., and S, A. Asdell. Cornell Vet., 30: 499 ~ 5 ^^» 

87. Erb, R. E., F. N. Andrews, and J. H. Hilton. ]. Dairy Sci., 25: 815-826, 1942. 

88. Dougherty, R. W., and H. P. Ewalt. Am. J. V^'ct. Res, 2: 419-426, 1941. 

89. Nesmejanova, T. N. Usp. Zooteh. Nauk, 5: 65-72, 1938. 

90. Marsman, W. S. Acta Neerlandica Morphol. Norm el Patlu, i: 115-128, 1937. 


Bos (Poephagus) grunniens L. 
YAK 


The yak in Russian Asia reaches puberty at the age o£ 24 to 30 months. 
The breeding season is well defined lasting from June to November, during 
which time the female is polyestrous. The gestation period is 258 days (1). 

I. Denison, V. F. Izv. Akad. Nauk, S.S.S.R., 863-878, 1938. 


Bos {Bibos) gaums H. Smith 
GAUR 


In Malaya the gaur has no special breeding season, and it calves at any 
time of the year, though it does so infrequently from October to December, 
the wettest months (i). As the period of gestation is 9 months, mating must 
be relatively infrequent during the period of January to March. In India 
it breeds at different seasons in different districts, but the most frequent 
breeding time is in December and January, and births are mostly in August 
and September. One or two are born (2), though twins are said to be rare (i) . 
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The evidence suggests a polyestrous animal, and this is supported by the 
fact that B. frontalis Lambert, the gayal, which is the domesticated form o£ 
the gaur, has a 3-'Week cycle all the year round (3). 

1. Hnbback, T. H. J. Mammalogy, 18: 267-279, 1937. 

2. Brander, A. A. D. Wild Animals in CenU'al India. London, 1923. 

3. Heape, W. Quart. J. Micros. Sci., 44: 1-70, 1901. 


Bos {Bibos) indims L. 
ZEBU, HUMPED CATTLE 


The cycle of the zebu is essentially similar to that of European domestic 
cattle. The mean cycle length is 23.03 ±: .19 days, and the standard devia- 
tion is 6.64 days. The modal length is 22 days. The mean length of heat is 
478 zh .07 hours, with a standard deviation of 2.20 hours, and a modal length 
from 3.5 to 5.5 hours. The exposure of these cattle to an additional length 
of daylight (in Kenya) had no effect upon the duration of heat (i). This 
length of heat suggests that the zebu has a lower sex hormone circulation 
even than the cow. Comparison of the F.S.H. content of the anterior pituitary 
with that of the cow would be interesting. The external signs of heat are 
practically unrecognizable, and vasectomized bulls have to be used to work 
out the length of the heat period (2) . 

The estrogen excretion during pregnancy is as follows (3) : 


At 93 days, 

33 M.U. per liter 

101-150 days, 

443 M.U. per liter 

1 5 1-200 days. 

555 M.U. per liter 

201-250 days, 

833 M.U. per liter 

251-term 

r,£00 M.U. per liter 

The sex ratio of 8,770 calves was 50,92 

±: .36 per cent males 


tion of gestation is about 285 days (5) . 


1. Audersoii, J. }. Agric. Sci., 34: 57-68, 1944. 

2. Anderson, }. Empire J. Exp. Agric., 4: 186-195, 1936. 

3. Anderson, J. Vet. J., 90: 295-298, 1934. 

4. Craft, W. A. Quart. Rev. Biol., 13; 19-40, 1938. 

5. Federated Malay States, Annual Report, Vet. Dept., 1936. 
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Bos {Bison) bison L. 
BISON, AMERICAN BUFFALO 


The bison in captivity has estrous cycles of about 3 weeks’ duration all 
through the year (i), but records of the numerous herds when they were at 
large on the North American prairies indicate that in a state of nature their 
main mating season was from July to September, The period of gestation 
is about 9 montlis (2) . In Canada the breeding season is restricted, beginning 
toward the end of July and lasting for 6 weeks. The duration of heat is 
believed to be fairly long, at least 2 days (3). 

1. Heape, W. Quart. J. Micros. ScL, 44: i-yo, 1901, 

2. Brown, C. E. J. Mammalogy, 17: 10-13, 

3. Deakin, A. Personal communication, 1944. 


Bos (Bubal us) bubalis L, 
EURASIAN BUFFALO 


The buffalo reaches puberty usually at 2 to 3 years of age, but it may do 
so at 1.5 years with good feeding (i). The cycle recurs at intervals of about 
3 weeks all the year round, but its length is more variable than is that of the 
cow. One series of figures gives an average of 21 days, with 6 cases between 
13 and 16 days, 26 between 17 and 23 days, and 12 between 24 and 28 days (2). 
In the Chinese buffalo the cycle is said to recur every 28 to 30 days, and the 
same is reported for the Indian buffalo (3). The Bulgarian buffalo is said to 
have heats at 3-w’^eek intervals, and heat lasts from 24 to 36 hours, rarely 48 
hours (4) . The heat period in the Philippine carabao and in the Indian buffalo 
lasts less than i day (5). In the Malayan water buffalo heat is said to recur 
at monthly intervals and to last for 2 weeks if fertilization docs not occur 
(6). This, if true, is an unusual type of behavior for Bovidae. 

The Asiatic buffalo has been divided into two races, a swamp race without 
a neck to the scrotum, with nocturnal mating, and with the first heat follow- 
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ing parturition at about 65 days. The other, the river race, has a pendulous 
scrotum, daytime mating, and a “calf” heat at about 42 days (7). In Bulgaria 
the average “calf” heat occurs 118 days after calving (4), and in the Philip- 
pines the carabao has an interval of 34, range of 24 to 50, days. The Indian 
buffalo in the same region has an interval of 49, range of 45 to 53, days (5) . 

In Italy primiparae are said to bear their young mainly in March and 
April, and the multiparae in August and September (8). In the Philippines 
most cows calve from September to January (5) , One or two young may be 
born at a time. The period of gestation is variously given and it may vary 
with the race, as it does with domestic cattle. The means given in table 9 
vary from 305 to 332 days. One \^'onders whether these diverse records of 
breeding behavior all refer to one species. 


Table 9. Gestation Periods of Buffalo 


RACE 

GESTATION PERIOD, D.-\YS 

Transcaucasian (i) 

305 


Italian (8) 

311 rb .08 

Range, 287-337 

Chinese Water (9) 

312 


Surd (10) 

3^2.7 

Range, 299-325 

Indian (6) 

315 


Bulgarian (4) 

315 

Range, 302-328 

European (2) 

315 

Range, 3 ^ 3 - 326 , n==94 

Carabao (5) 

316.2 


Asiatic River (7) 

3^7 


Philippine Carabao (ii) 

322 

Range, 318-328 

Macedonian (12) 

325 

Range, 320-330 

Asiatic Swamp (7) 

33^ 



1. Gorbelik, V. I. Trud. Azerbaidzan Stanc. Zivotn., 4: 5-26, 1935. 

2. Kaleff, B. Z. Zucht., 24B: 391-408, 1932. 

3. Kangaratnan, N. Malay xAgric. J., 23: 421-425, 1935. 

4. Kaleff, B. Z. Ticrzucht und ZiichtungsbioL, 51; 131-178, 1942. 

5. Ocampo, A. R. Philippine Agric., 28: 286-307, 1939-40. 

6. Federated Malay States, Ann. Rep. Vet. Dept, 1936. 

7. MacGregor, R. Vet. Rec., 53: 443-450, 1941. 

8. Maymone, B. Z. Tierzuclit und ZiichtungsbioL, 54: 1-44, 1942* 

9. Levine, C. O. J. Hered., ii: 51-64, 1920. 

10. Dave, C. N. Poona Agric. Coll. Mag., 32: 97-102, 1940. 
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Bos (Syficerus) caffer Sparrman 
AFRICAN BUFFALO 


The evidence regarding the breeding season of the African buffalo is 
somewhat conflicting, suggesting a fairl}'' prolonged season, the length of 
which depends upon climatic conditions. In South Africa the breeding season 
appears to be from September to March, the spring and summer, and as the 
gestation period is about ii months, the calving season is about the same (i). 

I. Shortridge, G. C. The Mammals of South West Africa. London, 1934. 


CAPRINAE 
Om arics L. 
DOMESTIC SHEEP 


The domestic sheep is polyestrous, with cycles recurring at about 16.5-day 
intervals. Fine-wooled breeds tend to be polyestrous all the year round, a 
result, perhaps, of the fact that they have been developed in warm conditions 
without extreme seasonal climatic changes. The coarsc-wooled breeds are 
seasonally polyestrous, with their season beginning about September in the 
Northern Hemisphere and continuing, in the absence of pregnancy, well 
into winter. In the Southern Hemisphere the breeding season begins at the 
corresponding time of the year, i.e., about March. Sheep transferred from 
one hemisphere to the other rapidly adjust themselves to the changed seasons. 
Ovulation is spontaneous, occurring toward the end of heat. The corpus 
luteum is active for about 14 days, and proestrum is ill defined. Uterine 
changes during the cycle are not well marked, but the vaginal smear is a 
fair indication of the reproductive state. The pituitary of the sheep has a 
moderate F.S.H. content, and the L.H. level is fairly high. The period of 
gestation is about 150 days; the number of Iambs varies from i to 3, depend- 
ing largely upon the breed. The ram produces spermatozoa all the year round, 
but there is a tendency toward quiescence during the summer months in 
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the coarse-wooled breeds. The chief practical problem in sheep breeding is 
to lengthen the season and to produce ovulation and pregnancy during the 
anestrum. 


THE ESTROUS CYCLE 

Merinos^ Central European (i), Karakul (2), and Persian Blackhead (3) 
sheep tend to breed all the year round, but the presence or absence of an 
anestrous season during the summer depends largely upon climatic and feed 
conditions. Thus, in some regions of South Africa, Merinos have a definite 
breeding season from February to August (3). In the Tziircana breed of 
Rumania there is a short anestrum in July (4), and in the Romanov breed 
of Russia ovulation often occurs in summer without external signs of 
heat (5). This is not the rule, however; usually during anestrum the ovaries 
are quiescent. The Dorset Horn also has a prolonged breeding season. In 
India the Bikaner ewe will breed at any time of the year, but two seasons 
predominate in lambings, spring and autumn (6) . 

The coarse-wool breeds generally begin to come in heat about September 
I, and, if not bred, they continue to have cycles until about January i, on 
the average, though many individuals continue even until May (7). There 
are breed differences in the incidence of the season: Rambouillets tend to 
come in heat earliest, followed by Hampshires, Southdowns, Shropshires, 
and Romneys in that order (8,7), Lambs usually begin to breed during their 
first season, at a mean age of 213 days and a range of 187 to 250 days, but 
late-born Iambs wait until the next season for their first heat period (7). 
The first heat period of lambs during the season is usually later than that 
of mature ewes (8). In Merino ewes with a season limited by climatic condi- 
tions the onset of the season is gradual, with several weak estrous periods 
without ovulation before the true breeding season sets in (9). 

The duration of the cycles is remarkably constant, but the Merinos and 
Rambouillet cycles are about a day longer than those recorded for other 
breeds. A series of recorded means is given in table 10. The mean length of 
succeeding cycles is variable and does not seem to follow any definite pattern 
(10). No heat occurs in Merino sheep during lactation, but, if the lambs 
are weaned immediately after parturition, it usually follows in 60 to 150 days. 

The mean length of the heat period for Scottish sheep is 36 hours, with a 
mode of 28 hours and a range from 3 to 84 hours (ii). For Merinos it is 
slightly longer (7), with a mode from 36 to 48 hours (70 per cent of cases) 
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(18) ; in South Africa the mean is 30 hours and the inode, 30 to 32 hours (3), 
but in Australia 50 per cent of Merinos are said to be in heat for less than 19 
hours (15). Records for mixtures of breeds, mainly coarse-wool, give 30 to 
40 hours, but rarely less than 24 hours or more than 48 hours (8), with a 
mean of 29.3 hours and mode of 21 to 27 hours (7) . It may be concluded 
that the mean heat period is from 30 to 36 hours, with but little difference 
between breeds. Service has no effect upon the length, and long heat periods 


Table 10. Length of the Estrous Cycle in Sheep 


BREED 

LENGTH OF 

RANGE, 

REMARKS 

CYCLE, DAYS 

DAYS 

Scottish (ii) 

16.4 dz .8 

15-18.5 

Ivlode, 16.5 

Navaho (12) 

16.44 dz. 10 



Hampshire (10) 

16.5 


Flushed 

Shropshire and 

16.7 


Mt)de5 17; LS per cent from 

Hampshire (7) 



15.5-17.5 

Romney (13) 

16.7 


M{Kle, 17; Si) per cent from 
14-10 

Merino (3) 

16.8 

J2.5-1S.5 

Kiodc, 1L.5 

Tzigai (14) 

17 

x6-2I 


Dorset (15) 

17 



Merino (15) 

17 



Romney (i5) 

17.0 


91 per cent from 15-18 

Hampshire (10) 

17.2 


Unilushed 

Merino (17) 

17-3 


Mode, 17. Grades 

Merino (18) 

17.4 zh ,08 

6-27 

Mode, 17; S.D., 1.8; 85 per 
cent from 16-19 

Rambouillet (ro) 

17.5 

13-21 


Tzurcana (4) 

17.5 

15-20 



are usually more intense than short ones (ii). However, a slight shortening 
after sterile service has been reported (7). Ovulation without heat occurs 
frequently at the beginning and the end of the breeding season, and there 
is no correlation between the length of heat and the length of the cycle (7). 

Ovulation usually occurs from 18 to 24 hours from the beginning of heat, 
or from 12 to 24 hours before its end (ii) ; at from 23 to 30 hours from its 
beginning (7) ; or, according to another report, in Merinos, at from 36 to 
40 hours from the beginning, with heat finishing 6 hours after rupture of 
the follicle (18). The time of ovulation is more closely related to the end 
of heat tlian to the beginning, i.e,, ovulation tends to cause its termination. 
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(18) ; in South Africa the mean is 30 hours and the mode, 30 to 32 hours (3), 
but in Australia 50 per cent o£ Merinos are said to be in heat for less than 19 
hours (15). Records for mixtures of breeds, mainly coarse-wool, give 30 to 
40 hours, but rarely less than 24 hours or more than 48 hours (8), with a 
mean of 29.3 hours and mode of 21 to 27 hours (7). It may be concluded 
that the mean heat period is from 30 to 36 hours, with bur little difference 
between breeds. Service has no effect upon the length, and long heat periods 


Table io. Length of the Esirous Cycle in Sheep 


BREED 

LENGTH OF 
CYCLE, DAY^S 

RANGE, 

DAYS 

REMARKS 

Scottish (ii) 

16.4 riz .8 

15-18.5 

Mode, 16.5 

Navaho (12) 

36.44 dr .10 



Hampshire (10) 

16.3 


Flushed 

Shropshire and 

16.7 


Mode, ly; 6S per cent from 

Hampshire (7) 



1 5 . 5 ”“ f 7*5 

Romney (13) 

16.7 


Iviode, 17; 89 per cent from 

Merino (3) 

16.8 

i 2 .s-iS .,5 

3 4-~i») 

Rlude, 56.5 

Tzigai (14) 

17 

16-21 


Dorset (15) 

17 



Merino (15) 

17 



Romney (x6) 

17.0 


01 per cent from 15-18 

Hampshire (to) 

17.2 


L^nlluslied 

Merino (17) 

17.3 


Mode, 17. Ch'ades 

Merino (18) 

17.4 dr .08 

6-27 

Mi»de, 17; S.D., 1. 8; 85 per 




cent from 16-19 

Rambouillet (10) 

17,5 

X3~2X 


Tzurcana (4) 

i 7'5 

15-20 



are usually more intense than short ones (ii). However, a slight shortening 
after sterile service has been reported (7), Ovulation without heat occurs 
frequently at the beginning and the end of the breeding seascjii, and there 
is no correlation between the length of heat and the length of the cycle (7), 
Ovulation usually occurs from 18 to 24 hours from the beginning of heat 
or from 12 to 24 hours before its end (ii); at from 23 to 30 hours from its 
beginning (7); or, according to another report, in Merinos, at from 36 tc 
40 hours from the beginning, with heat finishing 6 hours after rupture ol 
the follicle (18). The time of ovulation is more closely related to the end 
of heat than to the beginning, i.e., ovulation tends to cause its termination, 
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y occur as early as ii hours before its end, or as late as 6 hours after- 
1, but, in general, it is before the end. In the case of twin ovulations, 

) 7% hours may intervene between the two, with a mean of 1*% hours 
however, Merino and native Masai sheep in East Africa are said to 
te shortly after the end of heat (19). The exact time of ovulation in 
)n to the end of heat is difficult to obtain as it can only be determined by 
)tomy, which, in itself, may interfere somewhat with the length of the 

1 or with its determination. The right ovary functions more frequently 
the left, since ovulations have been found in that ovary in 57 per cent 
es (7)5 or 52 per cent (20), or 58.58 ±: 1.85 per cent (21). 

2 onset of heat is usually abrupt, but the cessation is gradual. Heat does 
egin more frequently during the day or night (7), though one record 
Found a slight tendency for it to begin more often during the hours of 
^ht. There are breed differences in the intensity of heat; Dorsets are 
to detect than Merinos as there is more swelling and reddening of the 
in the former. Moreover, the Dorset has a characteristic stance whereas 
[erino tends to be more restless. Ewes attract the rams before they will 
t coitus. Apparently the latter are attracted to the ewes by the olfactory 

as vaginal and perineal swabs from ewes in heat, when applied to 
lant ewes, make them attractive to the rams (15). 
e time of mating or of artificial inseminalioii within the heat period is 
; important as it is in most other species. In one experiment with Kazac 
service at 8 hours from the onset of heat resulted in 70 per cent con- 
ms, from 16 to 32 hours it varied from 82.5 to 86 per cent, from 40 to 
mrs it was 77 per cent, and at 56 hours it was 67 per cent. The onset 
at was detected by vaginal smears, a method which places this time 
r earlier than does a test by the ram (22). Another experiment gave 
ir results (23). The optimum time of artificial insemination is said to 
to 26 hours after the onset of heat (24) . 

e rate of travel of ova through the oviduct is similar to that in other 
^s. They are all in the middle third of the oviduct by 5 hours after heat 
eased. At 60 hours most are still in the middle third, but a few have 
ed the last third or even the uterus. By 72 hours most are in the 

s (t 5 ). 

those breeds which experience heat all the year round it is theoretically 
Die for the ewe to have two lambings a year. This is recorded, for in- 
e, for the Wryosowka breed (25). The number of lambs produced at 
ibing is very variable; i to 3 is the rule, but quadruplets are not ia- 
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(i8) ; in South Africa the mean is 30 hours and the mode, 30 to 32 hours (3), 
but in Australia 50 per cent of Merinos are said to be in heat for less than 19 
hours (15). Records for mixtures of breeds, mainly course-wool, give 30 to 
40 hours, but rarely less than 24 hours or more than 4S hours (8), with a 
mean of 29.3 hours and mode of 21 to 27 hours (7). It may be concluded 
that the mean heat period is from 30 to 36 hours, with but little difference 
between breeds. Service has no effect upon the length, and long heat periods 


Table io. Length of the Es irons Cycle in Sheep 


BREED 

LENGTH OE 
CYCLE, DAYS 

R.VNGE, 

DATS 

REMARKS 

Scottish (ii) 

16.4 zir .8 

15-18.5 

Mode, 10.5 

Navaho (12) 

16.44 zt: AO 



Hampshire (10) 

16.5 


Flushcf! 

Shropshire and 

16.7 


Mode, [7; oS per cent from 

Hampshire (7) 



1 >3-1 7.3 

Romney (X3) 

16.7 


Motle, 17; per cent from 

Merino (3) 

itf.H 


1 4 ^ 9 

Mode, 

Tzigai (14) 

17 

itVai 


Dorset (15) 

17 



Merino (15) 

17 



Romney (16) 

17.0 

^-39 

(p per cein from 15-18 

Hampshire (10) 

17.3 


Unilubiicd 

Merino (17) 

^7.3 


Nfode, 17. Grades 

Merino (18) 

17.4^2 .oS 

6--27 

MckIc, 17; S.D., 1.8; 85 per 




cent from 16-19 

Rambonillet (10) 

17*5 

13-21 


Tzurcana (4) 

17.5 

r5-20 



are usually more intense than short ones (ii)* However, a slight shortening 
after sterile service has been reported (7)* Ovulation without heat occurs 
frequently at the beginning and the end of the breeding season, and there 
is no correlation between the length of heat and the length of the cycle (7). 

Ovulation usually occurs from iS to 24 hours from the hegiiming of heat, 
or from 12 to 24 hours before its end (ii); at from 23 to hours from its 
beginning (7); or, according to another report, in Merinos, at from 36 to 
40 hours from the beginning, with heat finishing 6 hours after rupture of 
the follicle (18). The time of ovulation is more closely related to the end 
of heat dian to the beginning, i.e,, ovulation tends to cause its termination. 
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It may occur as early as ii hours before its end, or as late as 6 hours after- 
wards, but, in general, it is before the end. In the case of twin ovulations, 
iH to 7% hours may intervene between the two, with a mean of 1 % hours 
(7). However, Merino and native Masai sheep in East Africa are said to 
ovulate shortly after the end of heat (19), The exact time of ovulation in 
relation to the end of heat is difficult to obtain as it can only be determined by 
laparotomy, which, in itself, may interfere somewhat with the length of the 
period or with its determination. The right ovary functions more frequently 
than the left, since ovulations have been found in that ovary in 57 per cent 
of cases (7), or 52 per cent (20), or 58.58 ± 1.85 per cent (21). 

The onset of heat is usually abrupt, but the cessation is gradual. Heat does 
not begin more frequently during the day or night (7), though one record 
(15) found a slight tendency for it to begin more often during the hours of 
daylight. There are breed differences in the intensity of heat; Dorsets are 
easier to detect than Merinos as there is more swelling and reddening of the 
vulva in the former. Moreover, the Dorset has a characteristic stance whereas 
the Merino tends to be more restless. Ewes attract the rams before they will 
accept coitus. Apparently the latter are attracted to the ewes by the olfactory 
sense as vaginal and perineal swabs from ewes in heat, when applied to 
pregnant ewes, make them attractive to the rams (15). 

The time of mating or of artificial insemination within the heat period is 
not as important as it is in most other species. In one experiment with Kazac 
ewes service at S hours from the onset of heat resulted in 70 per cent con- 
ceptions, from 16 to 32 hours it varied from 82.5 to 86 per cent, from 40 to 
48 hours it was 77 per cent, and at 56 hours it was 67 per cent. The onset 
of heat was detected by vaginal smears, a method which places this time 
rather earlier than does a test by the ram (22). Another experiment gave 
similar results (23). The optimum time of artificial insemination is said to 
be 18 to 26 hours after the onset of heat (24). 

The rate of travel of ova through the oviduct is similar to that in other 
species. They are all in the middle third of the oviduct by 5 hours after heat 
has ceased. At 60 hours most arc still in the middle third, but a few have 
reached the last third or even the uterus. By 72 hours most are in the 
uterus (15). 

In those breeds which experience heat all the year round it is theoretically 
possible for the ewe to have two lambings a year. This is recorded, for in- 
stance, for the Wryosowka breed (25) . The number of lambs produced at 
g lambing is very variable; i to 3 is the rule, but quadruplets are not iq- 



364 MA^^^^AL^ANr REPRODUCTION 

frequent in some breeds. Fecundity is a breed characteristic, and there arc 
very wide differences between breeds. The most recent data are summarized 
in table ii. It may be noted that the hill breeds are the less fecund, while the 
lowland breeds, especially those which arc kept for their milk, are the most 
fecund. It is generally agreed that fecundity is relatively low at first, rising 
to a peak at about the sixth year. The usual practice is to breed ewes at their 
second season, but most will breed as Iambs in their first year, though it 
seems to affect their subsequent fecundity adversely. Table 12 illustrates 
this fact for Hampshire ewes and also shows the rise in fecundity with the 
age of the ewe (26). Both the tables dealing with the fecundity of ewes con- 
sider only those which conceive; they do not take into account the incidence 
of sterility. The percentage of multiple births tends to he highest in ewes bred 
early in the season. It may be stated as a general principle that case of re- 
production, fecundity, and the length of life during which reproduction is 
possible are related, and the sheep is no exception to this rule. An animal’s 
early performance is a good index rf its lifetime capacity, provided that its 
readiness to breed is not abused. The variation of fecundity 'with the breed 
implies that it is an hereditary factor; not only is this so between breeds, 
but it holds true within a breed. For Romanov sheep this is well illustrated 
by table 13 (27), which gives the numbers of Iambs born to ewes which were, 
themselves, singlets, twins, etc. In the Dorset breed there is a tendency for 
more multiple births in the spring than in the fall (28), whidi suggests that 
reproduction is more intense at the normal breeding seasmi for the species 
than it is at other times. 

Data on the sex ratio show great constancy. In general, analysis of farmers’ 
records gives a ratio of 49 to 50 per cent males, but records from experiment 
station flocks have often given a slight preponderance of males. The fetal 
sex ratio is a little higher, averaging 50.9 ±: 1.60 per cent males, wdth no 
significant difference with the age of the fetus (21). The ratio for stillbirths 
is 53.8 ± 2.9 per cent males (29). These figures suggest that the sex ratio at 
or near conception is not so markedly different from the secondary ratio 
as it is in the pig and in man. The ratio does not alter when singles, twins, 
and triplets are considered separately, but there is an excess of twins of op- 
posite sex, which indicates that there is little or no monozygotic twinning 
in sheep (29). 

Some mean durations of gestation are given in table 14. In general, the 
early maturing meat breeds have the shorter gestations. An analysis of periods 
from Rambouillet ewes gave a range from 143 to 159 days, with a standard 
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Table ii. Fecundity in Sheep 


BREED LAMB CROP, PER CENT 



Cheviot (30) 

89.1 r±: 1.69 


Scottish Blackface (30) 

93.1 .85 


Heath (31) 

102,7 


Karakul (32) 

no 


Corriedale, in Canada (33) 

1 14.0 


Corriedale, in U.S. (34) 

118 


Southdown (35) 

119.3 — ^'9 


Rambouillet, in U,S. (34) 

122 


Rambouillet, in Canada (33) 

124.0 


American Shropshire (28) 

124.4 


American Shropshire (36) 

126.2 


Oxford Down (37) 

126.9 


Columbia (34) 

127 


Dorset (38) 

127.4 


Romney Marsh (37) 

128.5 


Navaho (12) 

128.6 


Targhee (34) 

129 


Flampshire Down (37) 

131.8 


Dorset Horn (37) 

136.9 


Lincoln (37) 

138.9 


Suffolk (37) 

144.3 


Canadian Corriedale (33) 

146,0 


Shropshire (37) 

162.0 


Leicester (37) 

163.0 


Wensleydale (38) 

172 


Border Leicester (37) 

181.0 


East Friesian Milch Sheep (39) 

205.1 


Romanov (40) 

238 


Table 12. Fecundity of Hampshire Ewes 


BRED AND CONCEIVED 

BRED AND CONCEIVED 


AS LAMBS 

AS I ‘/i -YEAR-OLDS 


Lamb crop, per cent 

iMmb o'op, per cent 


First season 106 

— 


Second season 157 

195 


Third season 176 

202 


Fourth season 177 

175 


Fifth season 200 

208 
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Table 13. Elfect of the Number Born on the Subsequent Fecundity of Romanov Sheep 


EWES BORN AS 

AVERAGE LAMBS 
PRODUCED BY THEM 

Singles 

2.17 

Twins 

2.36 

Triplets 

2.63 

Quadruplets 

3.01 


deviation of 2.25 days, which agrees closely with that for other breeds (41). 
In this series there was a tendency for ewes bred early to have slightly longer 
periods than those bred late, and the period lengthened with age. Eight- 
year-old ewes had an average gestation period nearly 2 days longer than 2- 
and 3-year'Olds. A gestation resulting in a single birth was about 0.6 of a day 
longer than that resulting in a twin birth. The sex of the lambs born had 
no effect on the duration (42). 


HISTOLOGY OF THE FEMALE TRACT 

OVARY, While considerable work has been done upon the development 
of the follicles and corpora lutea during the breeding season, information 
on the development of the ovaries in lambs appears to be lacking. During 
aiiestrum the ovaries are quiescent. Toward the end of this period waves 
of follicles grow, but they become atretic before they mature, and no new 
corpora lutea are formed, while those from the previous season have dis- 
appeared. In proestrum it is easy to distinguish the follicles which are 
destined to rupture later unless large atretic follicles are present. Growth 
is rapid during heat, all the layers of the follicle become thin, vascularity 
increases, and the cumulus becomes dome-shaped and large. At the time of 
ovulation the follicle is about i cm. in diameter (8). A few hours before 
ovulation the follicle swells beyond the surface of the ovary, becoming 
conical One hour before rupture a small round area becomes clear and 
transparent; a few minutes before rupture a cone, occasionally more than 
one, appears. This breaks, follicular fluid flows out, and the follicle gradually 
collapses. The fluid rarely spurts; at first it is thin, but it becomes viscous 
within 2 to 3 minutes (7). The follicle opens with ragged borders; a small 
blood clot closes the opening, though not unless a blood vessel is involved 
in the rupture area (7) ; but there is no hemorrhage into the cavity. The 
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Table 14. Duration o£ Gestation in Sheep 


BREED 

DURAllON OF GESTATION, DAYS 

Dorset Horn (43) 

I44.I 

Hampshire (41) 

145.0 z±z .03 

Sliropshire (41) 

145.6 db .08 

Columbia (42) 

148.0 

Heath (44) 

148.1 

Merino (44) 

148.5 

Rambouillet, bred to Hampshire 

ram (45) 148.6 

Merino, flesh (41) 

1 49.0 dz .08 

Tzigai (14) 

149 

Navaho (12) 

1494 

Corriedale (42) 

M 9*5 

Targhee (42) 

149-5 

Rondcrib- Afrikaner (46) 

149.6 

Rambouillct (45) 

150-5 

Rhon (41) 

150.8 dz .1 

Ramboiiillet: (42) 

151.O 

Merino, wool (41) 

151.2 dz.07 

Karakul (47) 

151.8 ziz 1.60 


follicle walls grow in^ and the cavity is completely filled by 30 hours after 
ovulation. The corpus luteum reaches its maximum size at about 6 to 8 
days, and it is then about 9 mm. in diameter. It has lost its rupture point. At 
first it is reddish pink, becoming paler up to the next proestrum, when a 
yellowish tinge appears as fatty degeneration sets in (18) . After this, degenera- 
tion is rapid, so that by the time it is 24 days old only vestiges remain. The 
corpus luteum of pregnancy remains until parturition (8), though atrophy 
begins about 2 to 3 weeks before (n). 

The corpus luteum is developed from both granulosa and theca interna 
cells, but the lutein cells almost all have a granulosa origin as the theca lutein 
cells quickly degenerate. The lutein cells measure 25 to 30 at first, and they 
gradually increase in size until retrogression sets in at the fourteenth day (48) . 
The size of the ovum is 147 Py and the zona pellucida measures 15 p (49). 
The ovarian tunic is a tough structure. No new ova are produced during 
sexual life from the germinal epithelium, but the neogenic layer below the 
tunica albuginea does produce them. The first polar body is usually extruded 
from the ovum just prior to or, in many cases, just after ovulation (8). 

VAGINA. The vagina does not undergo striking changes during the 
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cycle. Except in anestrum there is continuous growth of the epithelium, 
slightly accelerated during heat; late in the heat period and in metcstrum 
considerable desquamation occurs, often as many as 4 to 5 layers of cells 
being cast off. Partial keratinization is characteristic of the heat period, but 
it may occur at any time; it is always regional and never general. Lym- 
phocytes and leucocytes may be found in the epithelium at any time, but 
the latter are most frequent early in diestrum (11). These cells are present 
in greatest numbers at about the seventh to eighth day after ovulation (7,8). 
The vaginal stroma is most edematous in late proestrum and early in heat. 
During the first 10 days of diestrum most mitoses arc found in the epithe- 
lium, and at this time the cells are most reactive to basic stains. Their 
greatest affinity for acid stains is shown at proestrum and on the first day of 
heat (50). 

Some workers have found the smear to be more clear-cut than the changes 
in the vaginal epithelium would lead one to expect. During late proestrum 
and early heat the smear contains epithelial cells, leucocytes, and scant, thick 
mucus; the latter does not appear in diestrum. This stage lasts about 12 
hours. Then the mucus becomes voluminous and transparent, with small 
epithelial cells, very often a few squamous cells, and usually leucocytes. 
This stage begins at about the fourth hour of heat and lasts for about 24 
hours. On the second day of heat the leucocytes are reducetl in numbers. 
This stage lasts through the first day of metcstrum. On the second day 
desquamation increases, and the smear becomes voluminous, dry, and cheesy. 
It consists mostly of large squamous cells, with occasionally a few leucocytes, 
and it lasts for about 4 to 8 days. In late diestrum the number of small 
epithelial cells and leucocytes increases; the smear is still voluminous but 
is moist (8). Some workers, however, have found the smears much less 
distinct. The changes are said not to be characteristic of the stage of the cycle 
in the Karakul (51) and the Tzurcana (4) breeds, though in the latter 
coraified cells are absent during anestrum. 

The ewe does not secrete the large quantities of mucin which are char- 
acteristic of the cow, probably because of the higher level of estrogen, but 
some is secreted from the glands of the cervix, not from the vaginal epi- 
thelium. Mucin builds up in the cells during diestrum and is greatest in 
amount late in this period. It is secreted in proestrum and early heat, be- 
coming more fluid during heat (7). The glands are less complex in anestrum 
than at other times (8). 

UTERUS* The chief characteristic of the uterine epithelium is the presence 
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of black pigment in many ewes. This is present at all times and is melano- 
blastic in origin and not derived from blood pigment. The cell changes 
during the cycle are slight. There is considerable edema and increased 
vascularity in both the cotyledonary and intercotyledonary areas during 
heat and metestrum; the glands become more coiled, and their cells increase 
in height with the growth of the corpus luteum. The epithelium is folded 
most at the midduteal stage. Leucocytes are found at all stages, but mostly 
when the corpus luteum begins to retrogress (7). In anestrum the glands 
become scanty and small, with low columnar cells (8) . 

In the cotyledonary areas the stroma is more densely cellular and more 
vascular than it is elsewhere. The cells are low columnar just after heat, 
but they rapidly grow from ii to 17 to 39 to 53 in about 5 to 6 days. At 
their maximum height they tend to be pseudostratified. They retrogress 
rapidly after this stage, which is of short duration (50). 

OVIDUCT, Changes in the oviduct are more definite than in any other 
part of the tract. The columnar ciliated epithelium of the branched folds 
in the mid-tubal area is highest in early diestrum, and the cilia are longest, 
while connective tissue is relatively abundant. Cytoplasmic extrusions are 
most apparent toward the end of diestrum. Changes at the fimbriated end 
precede those at mid-tube by a short time (50) , During heat the ovaries are 
closely invested by the infundibulum (18). 

The tubo-uterine junction contains no villi or sphincter, but the muscle 
is thickened at this point. Fluid passes easily from the uterus into the ovi- 
duct (52). 

PITUITARY, Changes in the histology of the anterior pituitary in rela- 
tion to the cycle have been investigated. It was found to be difficult to employ 
the usual acidophil-basophil classification as the differences are not clear-cut. 
Several cell types have been described, and they seem to vary somewhat in 
relative numbers during the cycle, but the clearest changes are found in the 
degree of granulation. This increases gradually late in diestrum, is at a 
maximum at the beginning of heat, and rapidly decreases during heat (53). 

An increase in the number of dark-staining, usually fuchsinophil, cells 
during heat has been described as taking place in the adrenal cortex (54) , 

THE PHYSIOLOGY OF THE FEMALE TRACT 

The mean vaginal pH on the first day of heat is 6.65, with a range from 
5.85 to 7.40. During mid-diestrum it is 6,69, with a range from 6.00 to 7.60. 
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This is considerably more acid dian the vagina of the cow, and the shift in 
the acid direction at the time of heat is much smaller (55). Perhaps it is 
correlated with the smaller amount of mucus secreted by the ewe. 

The pH of the uterine secretions in a ewe in heat averages 7.50, and in 
diestrum it is 7.21 (56). The shift is in the reverse direction to that in the 
vagina. The motility of the uterine muscle has been investigated by the 
introduction of a balloon through a fistula. Spontaneous contractions of 
longitudinal muscle begin i to 2 days before heat. They reach their maximum 
amplitude during heat and cease after ovulation, to be replaced by segmental 
contractions of the circular muscle. By the fourth or fifth clay of diestrum the 
uterus is quiescent. Contractions during heat occur at about 40 to 60 second 
intervals, and they become more widely spaced in early diestrum. The cervix 
uteri is open during heat and for a short time afterwards (57). 

The injection of 1,000 R.U. of estradiol brings spayed ewes in heat, and if 
the dose is continued, it produces the characteristic histological changes of 
heat. If it is followed by progesterone, the usual changes in the uterine glands 
found in the lutein phase of the cycle are obtained. Estrogen increases the 
height of the cervical epithelium, and this height is maintained with 
pi'ogesterone (58). The optimal dose to bring anestrous ewes into heat is 
900 to 1,500 R.U. of estrogen in divided doses (7), but there may be great 
variation as another report gives 3,000 R.U. as the average cilective dose, 
with occasional records as low as 400 R.U, (8). 

Ovariectomy of pregnant ewes after the fifty-fifth day of gestation is not 
necessarily followed by resorption of the embryos or by abortion. The chances 
that the pregnancy will go on to term appear to increase the later the opera- 
tion is performed (59). 

As the problem of extending the breeding season of the ewe is an important 
one in agricultural practice, a great many attempts have been made to 
achieve this object with gonad-stimulating hormones, but with varying 
degrees of success. It is very difficult to assess the value of most of this work 
as different breeds have been used, some with extended breeding seasons; 
and it has been done at different times of the year, often without any in- 
dication of the length of the normal breeding season in that particular year. 
Also, a great variety of extracts has been used, containing mixtures of hor- 
mones. The impression gained from the work as a whole is that it is more 
difficult to cause a ewe to ovulate early in ancstrum than it is later, when 
the ovaries are undergoing some cyclical changes, not yet sufficient to bring 
about ovulation. If some attention were paid to the size of the follicles 
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present when injections are made, a clue might be obtained as to the cause 
of the erratic results found. 

The pituitary of the ewe appears to have the same potency in terms of rat 
units and rabbit ovulating units at all times. It is therefore reasonable to 
conclude that the cyclical changes in the ovary are determined by the release 
of hormones from the pituitary and not by the latter’s hormone content. 
During anestrum 50 R.U. of pregnant mares’ serum is the borderline dose 
for the induction of heat, but 100 R.U. produce much more consistent results. 
Two doses of this amount at an interval of 16 days are needed, and estrus 
occurs after the second injection (8). Usually 250 R.U. injected twice at an 
interval of 16 days is recommended; it is ineffective if the interval is 14 days 
(60) . In this work no evidence of superovulation was found when the dose 
given was as high as 4,500 R.U. Such evidence has, however, been obtained 
by the use of an unspecified amount of F.S.H. in a pituitary extract digested 
with trypsin to destroy the L.H. The number of eggs recovered was much 
less than the number of corpora lutea found, and it was believed that most 
of them were entrapped in the developing corpora lutea (61), A clue to the 
erratic nature of the responses, particularly to the difficulty in obtaining 
conceptions, may be found in some work which shows that horse pituitary 
extract (very rich in F.S.H.) and P.M.S. evoke sexual receptivity only in 
animals having a regressing corpus luteum. In the absence of a corpus lutcum 
ovulation occurs without heat; the presence of an active corpus luteum 
usually suppresses both ovulation and heat (62). In this work it was also 
found that the injection of 0.5 to i.o mg. of estradiol benzoate or of stilbestrol 
dipropionate induced ovulation, probably by stimulation of the animal’s own 
pituitary. Superovulation was obtained with horse pituitary extract when 
it was given in mid-diestruni. However, the dosage may be as important 
as the condition of the ovary since tlie injection of 100 R.U. of P.M.S. into 
anestrous ewes induced ovulation without heat, while the injection of 1,000 
R.U. induced heat (63). 

There is considerable evidence that the use of gonad-stimulating hormones 
about 2 days before the onset of a normal heat increases the number of 
multiple births, for instance, in Karakuls (64), and it may also increase 
the number of conceptions toward the beginning of the season (65). 

The pituitary of the sheep is about five times as rich in F.S.H. as is that 
of the cow, but even so the ewe stands low in the list of animals which have 
been tested (66). In L.H. content the pituitary is about ten times as potent 
as that of the cow (67) . 
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Tables showing the prenatal growth of the embryo and fetus have been 
published (68,69). 


THE MALE 

One characteristic of the reproductive tract of the ram is the presence of 
the filiform appendage, a process on the left side of the tip of the penis. This 
is perforated, and the tube is continuous with the urethra. Formerly it was 
believed that the appendage was instrumental in depositing the semen within 
the cervix uteri, but this is probably not so since its removal has no effect 
upon the fertility of the ram (70) . 

Primary spermatocytes make their first appearance in the testis at about 
63 days of age; at 126 days secondary spermatocytes appear, and at 147 days 
spermatozoa are present (71). In some breeds, e.g., the Shropshires, there 
is little seasonal variation in mating desire, but in others there is a strong 
seasonal tendency. In Hampshires it is highest from October to April. In 
Shropshires spermatogenesis is low in summer, but it is maintained in Hamp- 
shires (72). There is evidence that in summer spermatogenesis suffers in 
those breeds in which the scrotum is covered with wool, thus decreasing the 
heat loss. Usually the scrotal temperature is 5*^ C. below the rectal tempera- 
ture. Insulation of the scrotum for as few as 4 clays increases the percentage 
of abnormal spermatozoa (73). In Australia it has been found that exposure 
of rams to 4 weeks of sustained daily maximal temperatures of 90”^ F,, and 
over, causes marked abnormalities of the spermatozoa, and spermatogenesis 
may cease completely (74). Much of the temperature control of the testis is 
produced by the dartos muscle of the scrotum, which relaxes in warm 
weather. Isolated strips of this muscle have little or no spontaneous rhythm, 
but temperature variations provide the stimulus. It relaxes with an increase 
of the temperature and shows rhythmic activity at low temperatures. It is 
also responsive to sympathetic and parasympathetic drugs (73). 

The epididymis of the ram is about 40 to 60 metres long when its coils are 
unraveled (75). It contains (average of 2 rams) 162 >< 10^ spermatozoa, of 
which 76 per cent are in the cauda. It took a mean number of 30.2 ejaculations 
to exhaust the rams, and by that time 84 per cent of the spermatozoa had 
been ejaculated from the cauda (76). Normally k takes an average of 8.8 
days for the spermatozoa to travel through the epididymis (73). 

During coitus the semen is deposited in the cranial end of the vagina. It 
is in the body of the uterus in 15 minutes and has reached the top of the 
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oviducts in 6 hours. The cervical canal appears to act as a reservoir for the 
spermatozoa (77). They can live in the vulva for 3 hours and in the vagina 
for 6 hours (78) . It has also been reported that they may live for 12 hours 
in the vagina but that few survive for 24 hours. In the cervix they may 
survive for 48 hours, but in the oviducts they probably live for only 9 hours. 
In general, their motility is reduced after a stay of 12 hours in the female 
tract, and none survive for more than 48 hours (77) . Their speed of ascent 
varies little whether the ewe is in heat or not (79) j but it has also been stated 
that the oviduct becomes pervious to spermatozoa only about 15 to 17 hours 
before ovulation (80). The rate of travel of spermatozoa is said to average 
1.26 mm. per minute in the female tract (15) or 4.6 mm. per minute in 
vitro (81). 

The ovum is said probably to have a fertile life of less than 24 hours (79) . 

Semen may be collected in an artificial vagina, or the ram may be caused 
to ejaculate with an electric shock through the lumbar portion of the spinal 
cord. The average volume, etc., of the ejaculate collected by the two methods 
are given in table 15 (82). The buffering capacity of the semen is fairly high, 
and it is comparable to that of the bull (83) . Limited analyses of certain secre- 
tions of the male tract have been made and are reported in table 16 (84). 
The figures are considerably lower than corresponding ones for the bull. 

It has been reported that by the implantation of tablets of diethylstilbestrol 
into connective tissue the production of spermatozoa can be increased, but 
that the effect lasts only for about 5 days. It is not clear whether this repre- 
sents a temporary increase in spermatogenesis or whether passage through 
the epididymis is hastened (85). 

Table 15. Rams’ Semen Collected by Different Methods 


SEMEN COLLECTED BY 



artificial 

electrical 


vagina * 

ejaculation 

Mean volume, cc. 

1. 18 dz .14 

1,46 ziz .06 

Spermatozoa, thousands per cu. mm. 

1,537 41 

937 ^ 35 

Spermatozoa per ejaculate, millions 

1,875 zt 1 

Ij354 102 

Mean pH 

6.3 

6.8 


* These figures are fairly typical for rams' semen, tliougli the sperm count is a little low. 


The inheritance and growth of horns is complicated and is, to a certain 
extent, apparently under the influence of sex hormones. In some breeds, for 
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example, the Dorset Horn, both sexes are honied, though the ewe has smaller 
horns than the ram. In Merinos and Rambouillets the ram is usually horned 
and the ewe not, though she has prominences often capped by scurs at the 
usual points of growth. In the Suffolks, Southdowas, and other breeds both 
ram and ewe are hornless, and the usual growth points are represented by 


Table Composition of Rams’ Semen 



K 

Na 

Ca 


mg. per cent 

mg, per cent 

mg. per cent 

Epididymal secretion 

165.9 

87.5 

18.3 

Sperm serum 

87.3 

143.6 

18.1 


depressions in the skull. Crosses between horned and hornless breeds and 
studies of inheritance in the Rambouillet breed have shown that horns 
develop in the ram if he is either homozygous or heterozygous for horns, 
but in the ewe only if she is homozygous, though in the latter the picture 
is frequently obscured by the growth of loose scurs (86), Another interpreta- 
tion is that inhibiting factors with a sex-limited expression may account for 
the results obtained on crossing (87). 

In breeds which are horned in both sexes, removal of the gonads does not 
interrupt horn growth, except that in the wether they resemble those of the 
ewe and do not become as heavy or as coiled as they do in the ram. In a 
breed such as the Herdwick, horned in the ram and not in the ewe, horn 
growth ceases when the ram lamb is castrated, but ovariectomy has no eilect; 
the ewes continue to be hornless (88,89). similar result has been recorded 
for the Merino (90) . It is evident that there is an interplay between hormones 
and genes the exact nature of which is still obscure. It would be worth while 
to observe the effects of the implantation of tablets of gonadic hormones in 
gonadectomized sheep of known genetic make-up. 
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Oms ammon L. 
(= 0. poll Blyth) 

ARGALI, ARKAR 


The arkar has one breeding season a year, from the end of October to 
December in Siberia, and the period of gestation lasts 5 months (i) . Lambing 
is usually in early April, and the young ewes have i lamb while the older 
ones usually bear 2 (2). Older reports suggest that the arkar is moiiestrous 
and that the time of lambing varies considerably with the climate of the 
habitat, being later in the severer parts of the Himalayas (3) . 

1. Rumjancev, B. F., N. S. Butarin, and V. F, Denisov. Truck Kirgiz Kompl Exsp., 4: 
13-58, 1933-34- 

2. Sokolov, S. S. Zooi. 2 . (Mosk.), 18: 444-450, 1939. 

3. Blanford, W. T. Fauna of British India, Including Ceylon and Burma. Mam- 
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Ovis canadensis Shaw 
BIGHORN 


Puberty is usually reached at 2% to 3 years of age. The breeding season 
is from mid-November to mid-December. One lamb is usually born, and 
the period of gestation is about 180 days (i). In the southern part of its 
range, e.g., in Texas, rut appears to be a little earlier as the lambs are dropped 
from March to April (2) . 

1. Spencer, C, C. J. Mammalogy, 24: i-ii, 1943. 

2. Davis, W. B., and W. P. Taylor. J. Mammalogy, 20: 440-455, 1939. 
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Capra hircus L. 
DOMESTIC GOAT 


The goat is a seasonally polyestroiis animal with a breeding season begin- 
ning about September, reaching its greatest intensity in October, and then 
gradually tapering off so that few goats, if held over, will come in heat in 
the New Year. The length of the breeding season is a matter of considerable 
practical importance, as it is difficult to arrange breedings so that a herd will 
give a uniform yield of milk all the year round. The lengths of the cycle and 
of heat periods are a little longer than those of the sheep. Ovulation is spon- 
taneous. Much less work has been done upon the histological changes in the 
genitalia of the goat during the estrous cycle than in those oi any other 
domestic animal, in spite of the goat’vS convenience as an experimental subject. 

THE ESTROUS CYCLE 

The length of the estrous cycle is somewhat variable, and it is generally 
given as about ai days. A scries of accurate determinations which were 
made upon the Angora goat gives a mean cycle length of 19.4 ±: .5 days, 
with a spread from la to 24 days. The same work reports a duration of heat 
of 39.2 zh 1.9 hours, with a spread from i to 4 days (i). I'or dairy goats a 
comparable series gave a mean cycle length of 17.8 dc .36 days, with a 
standard deviation of 5.76 days (2). This data, however, is peculiar in that 
there are a number of cycles of extremely short duration, from 6 to 12 days. 
There was a very strong mode at 20 days, and 72 per cent of the observations 
fell between 15 and 24 days; hence the normal duration may be regarded 
as 20 days. The number of aberrant cycles was greater in the kids than 
among mature does. 

A study of the frequency of biddings in the United States, month by month, 
has shown that the greatest number of conceptions occur in October and that 
fairly good breeding may be expected from August through January; in all 
other months very few conceptions occur (2). A similar, more extensive, 
study of American records gave the most intense breeding from mid- 
September to mid-November and the lowest in May (3). English records 
give the same results, but after a cool summer the peak of reproduction 



ARTIODACTYLA 


379 


comes a month earlier, and after a hot summer, a month later, than usual (4). 
However, the shifts may be due to little and much sunlight rather than to the 
mean temperature, as it has been shown that the season may be modified by 
exposure of the goat to varied daylight periods. In India the Jumna Pari 
goat mates most frequently from July to October, but the Bar Bari goat, a 
dwarf type, will breed at any time of the year (5) . Apparently the breeding 
season in that country is not so well defined as it is in temperate climates, since 
it is stated that 2 biddings may occur in a year (6) • The same remarks may 
apply to the Philippine Islands, as the mean interval between parturition 
and heat is 91.5 ±: 8.0 days. Apparently goats in that country do not breed 
at so early an age as they do in temperate climates, since the mean age at 
first heat is given as 494 days (7) , In the northern countries goats will breed 
as kids if they have been born early in the season. 

The usual number of young born at a kidding is 2, but i to 3 are common, 
and 4 and 5 are rare. Limited data, given in table 17, indicate that some 
breed differences exist. The number of kids born to does below 18 months 
of age average 1.5, but to does above this age the average is 2.1 (8) . 

The sex ratio in dairy goats is distinctly aberrant because of the large 
numbers of pseudohermaphrodites which are produced. One set of data 
gave 53.4 per cent males, but the incidence of pseudohermaphroditism was 
not recorded. In one Saanen herd in which the incidence was high the sex 
ratio was 49.3 per cent males, 39.6 per cent females, and ii.o per cent pseudo- 
hermaphrodites. A Toggenburg herd gave 46.4 per cent males, 47.6 per cent 
females, and 6.0 per cent pseudohermaphrodites, A collection of data from 
Saanen breeders who had many pseudohermaphrodites in their herds gave 
55.T per cent males, 30.0 per cent females, and 14.9 per cent pseudohermaph- 
rodites (9). The pseudohermaphrodites, despite the fact that they possess 
testes, are therefore reversed genetic females according to sex ratio data (10). 
Possibly cytological studies of the chromosomes in these aberrant animals 
might be enlightening. 

The pseudohermaphrodite has been often recorded in the literature. Testes 
are present in all cases, though the tubular and external genitalia present a 
wide variety of forms in which many gradations appear (11). An analysis 
of all the cases reported might yield information of interest from the em- 
bryological point of view. The condition appears to be inherited as a simple 
recessive (12), and it is connected in some way with hornlessness, which is 
inherited as a dominant, since horned hermaphrodites are extremely rare 
if they occur at all (10,13). 




380 


MAMMALIAN REPRODUCTION 


True hermaphrodites are found among goats, and, while rare, they occur 
with greater frequency than in any other species except, perhaps, the pig. 

The sex ratio in the Angora goat, in which pseudohermaphroditism seems 
to be absent, is 50.1 per cent males, but there is a very high incidence of 
ridglings (males with an undescended testis), about 5.5 per cent (14). These 
appear to be genetic males, as the sex ratio is normal if they are counted as 
such. In the majority of cases only one testis, almost always the right, has 
failed to descend. The condition is inherited (14). 

The duration of gestation in the goat is similar to that in the sheep. A 
large series of goats of several breeds gave a mean of 150.807 ±; .003 days, 
with a standard deviation of 3.26 days. The modal distribution was 151 days, 
and 86 per cent fell between 147 and 155 days (15). Some breed differences 
exist and are recorded in table iS. The month of conception has some in- 
fluence on the length of pregnancy; it averages 151.3 zt days for August 
conceptions, and 149.8 ±: ,i days for February conceptions. The difference 
is small, and it might be due to seasonal differences in the lengtli of the heat 
period, if these exist, since the length is measured from the day of service 
and not from ovulation. The change between these months is fairly orderly. 
The age of the dam has some influence on the duration. It is least, 150.1 ±: .1 
days, when the goat conceives in her first year, as a kid; in the second year 
it is 150.61 ± 0.6 days; and it gradually rises to a maximum of 15 1.3 ±: .1 
days at 6 years. Differences with litter size are not statistically significant (15) . 


Table 17. Average Number of Kids per Hirih 


BREED 

NUxMEEROFKIDS 

Toggenburg (12) 

1.8 

Saanen (12) 

1.9 

Anglo-Nubiaa (15) 

2.1 

Table 18. Breed Dififerences in 

the Duration of Gestation in Goats 

BREED 

DURA'nON OF CJESTATION, DAYS 

Bar Bari (5) 

146 

Angora (i) 

148.08 :±: .09 

Philippine goats (7) 

1 48. 1 dr .07 

Jumna Pari (5) 

150 ' 

Anglo-Nubian (15) 

150.0 dr .X 

Schwartzwald (16) 

150.8 dr ,2 
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PHYSIOLOGY OF THE FEMALE TRACT 

Adrenalin causes the muscles of the cornua uteri to relax and the cervix 
to contract during pregnancy. The cornua are sensitive to oxytocin, but the 
cervix is not (17). 

The urine of the pregnant doe contains 500 to 1,000 M.U. of estrogen per 
liter from the seventy-fifth to the one hundredth day (18). Removal of the 
corpora lutea during mid and late pregnancy has invariably resulted in 
abortion (19). 

The breeding season can be changed by modifying the amount of daylight 
to which the doe is exposed. By increasing the daily amount of light by i 
hour each 10 days after January 25, cycles are said to have ceased prematurely, 
though it must be remembered that reproductive intensity is normally at 
a low ebb at this time. By decreasing it by i hour a week from April to July, 
heat was induced in May and June in 3 of 6 does, though breeding was un- 
successful; but in July, after their return to normal light, 4 became pregnant 
in the first 10 days (20). 

A single injection of 400 R.U. of pregnant mares’ serum given during 
anestrum causes the does to come in heat. Priming, which was found neces- 
sary in the sheep, is unnecessary. A dose of 200 R.U. is insufficient to produce 
this effect. Lactating does probably need more P.M.S. to bring them in heat 
than do dry ones. Several pregnancies resulted from services during the in- 
duced heat (2). 


THE MALE 

The average ejaculate of semen into an artificial vagina is lower for the goat 
than it is for the ram. For dairy goats it was found to be 0.57 cc., with a range 
of o.io to 1.25 cc. (21) ; and for Angoras it was 0.66 cc, (i). The sperm con- 
tent is high, 3 to 4 million per cu. mm. have been reported for Angora 
bucks (1,22). 

There is some evidence that the beard is inherited in a sex-limited manner; 
the gene appears to be dominant in the male and recessive in the female (23). 
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RUPICAPRINAE 
Rupicapm rupicapra L. 
CHAMOIS 


The breeding season o£ the chamois is said to be in September and at this 
time the throat of the male swells (i). In the London Zoo, however, the 
postcorniiai scent glands only begin to enlarge during the latter half of 
September. They reach their maximum size in November and the first half 
of December and are fully reduced by the end of the first week of January. 
They do not enlarge in the female (2). The period of gestation has been 
variously reported from 153 to 210 days. 

1. Boner, C. Chamois Hunting in tlie Mountains of Bavaria. London, 1853. 

2. Pocock, R, I. Proc. Zool Soc., London, 840-986, 1910. 
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ANTILOPINAE 
Boselaphus tragocamelus Pallas 
NILGAI 


This Indian antelope is said to have no regular breeding season in the 
wild. It breeds immediately after dropping its calves (i). The period of 
gestation has been observed to be 8 months and 7 days (2) . In captivity it 
experiences a series of diestrous cycles from March to May, each lasting 3 
weeks (3) . In England, at Woburn, it breeds from March to May (4) , 

r. Brander, A. A. D. Wild Animals in Central India. London, 1923. 

2. Brown, C. E. J. Mammalogy, 17: ro“i3, 1936. 

3. Heape, W. Quart. J, Micros. Sci., 44: 1-70, 1901. 

4. Bedford, Duke of, and F. H. A. Marshall. Proc, Roy. Soc., London, 130B: 39^-399, 

1942. 


Other BOVIDAE 


SPECIES 

BREEDING 

SEASON 

SEASON 

OF 

BIRTH 

NO. 

OF 

YOUNG 

GESTATION 

PERIOD 

HABITAT, 

ETC. 

Bos {Biso}}) bonasuslu. 




276 

Europe 

Wisent 




days 


Bos (Buhdis) 




276- 

E. Asia 

depressicornis 




315 


H. Smith 




days 


Anoa 






Oi'is mtisimon 

Seasonally 



150 

Zoos 

Schreber 

polyestrous 



days 


Mouflon 

(Heape) 





0. vignci 

Scpt.~Dec. 



r8o 

Breeds earlier in 

Blyth 

(Blanford) 



days 

Punjab than in 

Urial 





Astor 

A m m otragns Icrvui 

Monestrous 



154- 

Zoos 

Pallas 

(Heape) 



161 


Barbary Sheep, Aoudad 




days 
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Other BOVIDAE {Continued) 


SPECIES 

BREEDING 

SEASON 

SEASON NO. 

OF OF period 

BIRTH YOUNG 

HABITAT, 

ETC. 

Pseudois nahoor 
Hodgson 

Biiaral 

Monestrous 

(Prjewalsky). 

Jan. 

(Wallace) 

May 

I do 

days 

Zoos and Mon- 
golia 

Capra jalconeri 

Wagner 

Markhor 

Probably 
monestrous 
in wild, 

Dec. 

(Lydekker) 

May-June 

(Blanforcl) 

I»2 153 

days 

Himalayas 

C. ibex L. 

Alpine Ibex 

Probably 

monestrous 

(Heape) 


150- 

180 

days 

S. Europe 

C, pyrenaica 

Scliinz 

Spanish Ibex 


Late Apr. to 
early May 
(Lydekker) 

At least 

20 weeks, 
probably 
more 

C. dbcrka 

Meyer 

Asiatic Ibex 

Nov.-Dcc. 

(Heape) 

MayHmie 

(Lydekker) 

1-^2 

Himalayas 

Hemitragiis hylocrins 
Ogiiby 

Nilgiri Wild Goat 

Most of year 
(Blanforcl) 


Usually 

India 

H. jemlahkus 

H. Smith 

Tahr 

Probably 

monestrous, 

Dec. 

(Lydekker) 

June-July 

I iSo 

days 

Himalayas 

Capricornis sumatrensis 
Bcchstein 

Screw 


Sept.-*Oct 

I 8 

months 

Burma. Preor- 
bital glands of 
male more ac- 
tive in spring 
(Hodgson) 

Nemorhaedtts goral 
Hardwicke 

Goral 


May-June 

(Blanford) 

I 6 

months 

Plimalayas 
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Other BOVIDAE {Continued) 


SPECIES 

BREEDING 

SEASON 

SEASON NO. <^esxATION 

OF OF period 

BIRTI-I YOUNG 

HABITAT, 

ETC. 

Btidorcas bedfordi 
Thomas 

Takin 

End July to 
early Aug. 
(Wallace) 

End March 
to early 

Apr. 

Usually 

I 


China 

Oreamnos amerkanus 
Blainviile 

Rocky Mountain Goat 




147 

days 

Postcornual 
glands conspic- 
uous Oct~Nov. 
Rocky Moun- 
tains 

Ovibos moschattis 
Zimmerman n 

Musk Ox 

Aug. 

(Howe) 

Apr.-May 

L 

twins very 
exceptional 

Arctic America 

Alcelaphus 

buselaphus 

Pallas 

Hartebeest 

No definite 

season 
(Roosevelt 
and Heller) 




S. Africa 

A. caama 

Cuvier 

Cape Hartebeest 

Sept.-Nov. 

(Bryden) 

Oct.““Nov. 
in S.W. 
Africa 


242 

days 

Inconsistent. 

S. Africa 

A, lichtensteinii 

Peters 

Lichtenstein’s 

Hartebeest 

Early sum- 
mer (S. 
Hamilton) 

Sept.-Nov. 

(Shortridge) 


about 8 
months 

Cent. Africa 

Connochoetes gnu 
Zimmermann 

Black Wildebeest, 
White-tailed Gnu 

March 

(Millais) 

Nov.-Jan., 

usually 

Dec. 

(Sclater) 

I 

months 

Female breeds 
before 2 years 
old. S. Africa 

C, taurmus 

Burchell 

Blue Wildebeest, 
Brindled Gnu 

June. Not 
more than 

2 cycles in 
season in 
captivity 
(Eleape) 

Mostly 

Nov., but 
range is 
Sept.~Jan. 


8--9 

months 

Cent, and S. 
Africa 

Damalisciis albijrous 
Burchell 

Blesbok 




235 

days 

S. Africa 
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Other BOVIDAE {Continued) 


SPECIES 

BREEDING 

SEASON 

SEASON NO. Gi:s'j-,,vnoN 

OF OF pirRio]> 

BIRTH YOUNG 

HABITAT, 

ETC. 

D. hinatus 

Biirchell 

Sassaby 


Sept.-Oct. 

(Shorlridge) 

months 

S. Africa 

D. pygargus 

Pallas 

Bontebok 


Sept.-“Oct. 

(Filzsimons) 

230 

ilays 

S, Africa 

Cephalophiis caerulns 
H. Smith 

Blue Duiker 


Usually Sept.- i 

Oct. but drops 
calves all 

year 

(Filzsimons) 


Africa 

( 1 . dorsalis 

Gray 

Bay Duiker 




In London Zoo^ 
preorbital 
glands of male 
markedly swol- 
len in summer 
(Pocock) 

C natalensis 

A. Smith 

Red Duiker 


Oct.~“Nov. i, 

(Id tzsimons) rarely 

2 



Syhicapra grim m la L. 
Cape Duiker 

All year 
(Fitzsimons) 

Mostly I 

early spring occa- 
and summer sionally 
2 

About 

4 

months 

In London Zoo 
prcorbital 
glands of male 
discharge in 
July, inactive in 
Aug. (Pocock) 

Oreotragus oreotragus 

Zimmermann 

Klipspringer 

Probably 

extended 

Alostly Sept- 
Jan. (S, 
riamikon) 

214 

days 

Cent, and S. 
Africa 

Nesotragtis 

livingstoinaniis 

Kirk 

Livingstone's Suni 


Mid-Nov. to 
niid-Dcc. 

(Filzsimons) 


Cent. Africa 
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Other BOVIDAE {Continued) 


SPECIES 

BREEDING 

SEASON 

SEA^N NO. gestation 

OE OF period 

BIRTH YOUNG 

HABITAT, 

ETC. 

Ourebia onrehia 
Zimmermann 

Oribi 


Sept.~Dec., 
mostly Dec. 

(Kirby) 

About 

7 

months 

Cent and S. 
Africa 

RapJnceriis campestris 
Thunberg 

Steinbok 

May have 2 
young in a 
year 

(S, Hamilton) 

Usually sum- i, 
mer and fall some- 
times 

2 

7 

months 

Cent and S. 
Africa 

R, sharpet 

Thomas 

Sharpe’s Steinbok 


Usually at 
beginning of 
rains (Kirby) 


Cent, and S. 
Africa 

Adcnota vardonii 
Livingstone 

Puku 


Nov.-Dee. 

(Selous) 


Cent Africa 

Kobtis defassa 

Rhppell 

Defassa Watcrbuck 

Probably no Aug.-Feb., 1 

regular sea- mostly 
son (Roose- Nov -Dec. 
velt and Heller) 


Africa 

K. ellipsiprymnus 
Ogilby 

Common Waterbuck 

Series of 3 
weekly cycles, 
May-July 
in captivity 
(Heape) 

Sept.-Feb. 1 

About 

8 

months 

Cent. Africa 

Onotragtis leche 

Gray 

Lech we Kob 


Aug.-Nov., 
mostly Oct. 

7 

months 

Cent and S. 
Africa 

Rdea capreohs 
Bechstein 

Vaal Rhebok 


Nov.-Dee. 1-2 

(Fitzsimons) 


S. Africa 

Redtmca anmdinmn 
Boddaert 

Reedbiick 

No regular 

season 

Aug. -May 

7% 

months 

Tends to calve 
late in summer 
on mountain 
plateaus (Fitz- 
simons) Cent 
and S. Africa 
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Otlier BOVIDAE {Continued) 


SPECIES 

BREEDING 

SEASON 

SEASON 

OF 

BIRTH 

GESTATION 

PERIOD 

YOUNG 

HABITAT, 

ETC. 

i?. fttlpomjula 

Afzclius 

Mountain Reedbuck 


Oct.-Dec. 

(Sclater) 



Cent and S. 
Africa 

Aepyceros mclampus 
Lichtenstein 

Impalla 

Apr, to 

mid-May 

(Fitzsinions) 

Oct.~Dec. 

twins 

rare 

6^-7 

months 

Cent and S. 
Africa 

Panthohps hodgsoni 
Hodgson 

Tibetan Antelope 

Winter 

(Blanford) 


I 

6 

months 

Tibet 

Antidorcas marsHpialts 
Zimmerman n 
Springbok 

Probably 

somewhat 

extended 

Aug.-Jam, 

mainly 

Nov. 

I, 

occa- 

sionally 

2 

171 

days 

S, Africa. A 
young castrated 
male developed 
slender horns of 
adult female 
(Fitzsinions) 

Antilopc cervicapra L* 
Blackbuck 

Any time, 

mainly 

Feb.-March 


I ““2 

G 

months 

India. In a cas- 
trated male the 
prcorbital 
glands retro- 
gressed to the 
degree of an 
immature male 
(Bennett) 

Gazella bennetti 

Sykes 

Indian Gazelle 

No regular 

season 

(Brander) 


I-»2 


N.W. and Cent 
India 

G. dorcas L. 

Dorcas* Gazelle 

2-~3 diestrous 
cycles in 
season 
(Heape) 




N. Africa 

G. grantii 

Brooke 

Grants Gazelle 

No fixed sea- 
son (Roose- 
velt and 
Heller) 


1 


Cent Africa 
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Other BOVIDAE {Continued) 


SPECIES 

BREEDING 

SEASON 

BIRTH 

GESTATION 

PERIOD 

YOUNG 

HABITAT, 

ETC. 

G. gutterosa 

June 

Usually 

Neck swells in 

Pallas 

(Wallace) 

2 

mating season. 

Seren 



China 

G. przewals\ii 

May 


China 

Buchner 

(Wallace) 




G. rufifrons 

Gray 

Red-fronted Gazelle 




Preorbitai 
glands of male 
markedly 
swollen in sum- 
mer, London 
Zoo (Pocock) 

G, thomsonii 

Gunther 

Thomson’s Gazelle 

All year 
(Roosevelt 
and Heller) 

I~2 


Cent. Africa 

Hippotragus equimu 
Desmarest 

Roan antelope 

Apparently 
no fixed 

season 

Aug.-Feb., 
mostly Jan.~ 

Feb. in south 


Cent, and S. 
Africa 

H. niger 

Harris 

Sable Antelope 

Apparently 
no fixed 

season 

Aug.-Feb., 
mostly Jan.- 
Feb. in south 

270- Cent, and S. 

281 Africa 

days 

(observed) 

Oryx beisa 

Riippeli 

Beisa Oryx 


Sept. I 

(Roosevelt 
and Heller) 

260- 

300 

days 

Cent. Africa 

0 . gazclla L. 

Gemsbok 


Oct.-Jan. 


Cent, and S. 
Africa 

Strepsiceros imherhis 
Blyth 

Lesser Kudu 


I 


Cent. Africa 

S, strepsiceros 

Pallas 

Greater Kudu 

Apparently 
no fixed 

season 

Oct.-March 

7-8 

months 

Cent, and S. 
Africa 


season 




390 


MAMMA I .IAN REPRODUCTK )N 


Other BOVIDAE (CotJtinucd) 


SPECIES 

BREEDING SEASON NO. 

SE.VSON 

BIRTH YOUNG 

CiESl'AllDN 
PERIOI > 

I-IABITAT, 

ETC. 

T aurotragus derbian us 



Cent. Africa 

Gray 

Giant Eland 


days 


T. oryx 

3 weekly March-Nov, i 

255- 

Cent, and S. 

Pallas 

cycles, May- 


Africa 

Eland 

July (Heape). 

Apparently no 

days 



fixed sciison 
in wild 


Tragelaphus angasi 
Gray 

Nyala 

Mostly Apr. 

Usually I 

Sept.- Oct., 
sometimes 
Aug.-Marcii 
(Fitzsinums) 


S. Africa 

T. scriptus 

Breeds all 

AH year i 

’7!r “ 

Ont. and S. 

Pallas 

Harnessed Bushhok 

year on coast 
(Sclalcr) 


IlKMUhs 

Africa 

Tctraccrus qmdricornisln rains 

Jan, -Feb. 

rS^ 

India. Preorbi- 

Blainvilie 

Fourdiorned Antelope 

(HI an ford) 


tliiys 

tal glands of 
male very active 
in summer. 
(Pocock) 

Rhynchotragus 


I 


Cent Africa 


Gunther 

Dik-dik 



PERISSODACTYLA 


T OO few species of Perissodactyla have been studied to afford material 
for generalization. The Equidae all appear to be seasonally polyestrous. 
In both the horse and the ass the corpus iuteum declines early in pregnancy, 
and gonadotrophins appear in the blood serum. Other changes during preg- 
nancy are noteworthy and have been described in the section on the horse. 


RHINOCEROTIDAE 


SPECIES 

BREEDING 

SEASON 

NO. 

OF 

YOUNG 

GESTATION 

PERIOD 

HABITAT, 

ETC. 

Rhinoceros {Diceros) 
hicornis L. 

Black Rhinoceros 

No regular 
season (Roose- 
velt and Hel- 
ler) ; probably 
Nov.-*Dec. 
(Kirby) 

I 

530- 

550 

days 

Africa 

R, ( Ceratotherium ) 
simus Burchell 

White Rhinoceros 

All year 
(Kirby) 

I 

17- 

18 

months 

Africa. Puberty 
at 4-5 years 

R. {Dicerorhinus) 
sumatrensis 

Cuvier 

Asiatic Two-horned 
Rhinoceros 

July-Oct. 

I 

7 

months 

Sumatra. Pu- 
berty at about 
20 years 
(Thorn) 
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EQUIDAE 
Equus caballtu L. 
HORSE 


The horse is seasonally polyestrous^ with heat periods commencing early 
in the spring and continuing, if unbred, well into the summer. The periods 
are very variable in length, averaging about 22 days, with a heat lasting about 
7 days. Ovulation is spontaneous, and it occurs toward the end of heat. The 
mare has a very high F.S.H. content of the anterior pituitary, higher than 
that in any other domestic animal. One young is usually born at a time, 
and twinning very frequently results in abortion. The period of gestation 
is about 330 days, but seasonal or feed factors cause great variation, more so 
than in any other species. Histological changes in tlie reproductive tract are 
not very marked during the cycle. Ovulation occurs from a restricted portion 
of the surface of the ovary known as the ovulation fossa. The time of service 
within the heat period has a great influence upon the chance of conception; 
the later it occurs, the greater is the chance. 

THE ESTROUS CYCLE 

The seasonal cycles begin about March and usually continue, in the unbred 
mare, into August, but many will breed in the fall and winter in England. It 
is said that in the tropics 2 well-defined breeding seasons tend to occur (i). 
The length of the cycle is very variable, and the means given (see table 19) 
vary from 19 to 22% days. From the data it is impossible to draw the con- 
clusion, as some have done, that heavier mares have a longer cycle than 
light ones; more extensive data gathered under comparable conditions are 
needed to settle the point. The duration of the heat period is also very varia- 
ble, and the averages range from 4% to 9 days; but a great deal depends upon 
the method of testing for heat and on the statistical analysi.s of the data, since 
the mare is apt to go out of heat for a short period and to come in again 
during what is evidently one full heat period (2). The length of life of the 
corpus luteum appears to be about 15 to 17 days, and one set of data in which 
the coefficients of variation are given shows that the length of the heat period 
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is about twice as variable as that o£ the interval between heats (3) . A similar 
calculation of another set of data (2) gives a C.V,.of 49 for the heat period^ 
and of 26.4 for the interval between heats. Thus, the corpus luteum has a 
relatively constant length of life in the mare. It is said that heat is i day 
shorter if the mare is suckling, and that it tends to be 1 % days longer in 
March, at the beginning of the season, than in July. There is no constant 
difference with age or breed (4) . 

Whatever the length of heat, ovulation bears a closer relation to its end 
than to its beginning. The symptoms of heat begin to decrease 6 to 12 hours 
after rupture of the follicle (5), and this, i.e., rupture, occurs in Korean mares 
about 1.6 days before heat totally ceases (6), It has been found also that 76 
per cent of all corpora lutea are first detected from the day before to the day 


Table 19, Length of tlie Estrous Cycle in the Mare 



LENGTH OF CYCLE, DAYS 

LENGTH OF ESTRUS, DAYS 


Mean 

Stand- 

Range 

Mean 

Stand- 

Range 



ard 



ard 




Devia- 



Devia- 




don 



tion 


Heavy mares (7) 

19.1 



7.0 i±: .16 

2.22 

2-16 

Belgian draft (8) 

20.1 


Mode 20, 

5-2 


Mode 5, 




60 per cent 
18-22 



1-14 

Thorobreds (9) 

20.3 ± .5 

7-5 

78 per cent 
13-25 

4.96 i .13 

2.47 

Most 4-7 

Percherons (3) 

20.94 




5.00 


Percherons (10) 

21.4 




8.9 

1 

Light (8) 

22.0 


Mode 19, 

5-5 


Mode 3, 




60 per cent 
18-21 



1-37 

Mixed breeds (ii) 

22.52 


56 per cent 

4.52 dz .04 


73 per cent 




19-24 



1-5 

Semiwild Korean 







(4) 

22.86 it: .33 

2.78 


8.98 zt .25 


Mode 10 

Thorobreds, etc. 







(4) 

22.79 — 

4.44 


7*53 

=2-53 

Mode 6-8 















394 


MAMMALIAN REPRODUCTION 


after heat ceases. These figures apply to Belgian and grade Tliorobred marcs 
(2). If the graafian follicle is ruptured artificially on the second day of heat, 
no corpus luteum is formed, and a new heat begins in a few days. On the 
other hand, artificial rupture on the fifth day is followed by corpus luteum 
formation, and the next heat period occurs at the usual time (12). This may 
demonstrate the importance of the maturation process in preparing the 
granulosa cells to luteinize, or it may mean that the pituitary is not able to 
secrete luteinizing hormone early in estrus. 

Various anomalies in the heat period, such as the split esirus already men- 
tioned, physiological estrus in which the usual anatomical changes occur 
but not the psychological state of receptivity, and ovulation after the cessa- 
tion of heat, have been described (13). 

Breeding has no effect upon the length of heat nor upon the time of 
ovulation (11,14). The left ovary functions more frequently than the right. 
In a series of 185 ovulations 61 per cent were from the left (2). 

The “foal” heat follows soon after parturition, and the mean interval has 
been given as 9.13 ± .05 (ii), 9.7 r±: .3 (7)1 1T.3 (3), and 1T.4 (8) days. It 
has begun in 75 per cent of cases by the fourteenth day after foaling (8). 

The notorious infertility of mares has raised the question of the relation- 
ship of the time of service to ovulation. In a long heat pericKl can the sperma- 
tozoa deposited early survive until ovulation has occurred? There is a 
tendency for services early in the heat period to be less successful than those 
made later, though mid-heat appears to be the best time. One record gives 
29 per cent fertility on the first day of heat against 45 per cent on the second 
to fourth days (15) . Another record gives practically no difference on the first 
3 days of heat and after that a falling off (16). Neither of these trials takes 
into account the lengths of the individual heat periods. In a study in which 
this was considered there was no fertility from services earlier than 7 days 
before the end of heat, 75 per cent success at 4 days before, and later than 
that a reduction (17). Insemination prior to ovulation was 86 per cent 
successful; at the time of ovulation, 74 per cent; and 2 to 10 hours after 
ovulation, 30 per cent (18). Successes have even been reported if insemina- 
tion was delayed to 12 to 14 hours after ovulation (19). Another report 
gives no success 2 to 4 hours after ovulation (20), hut it seems that in some 
cases the egg can be fertilized for at least 20 hours after it has been shed. 

The time required for the passage of the egg through the oviduct was found 
in the case of one mare artificially ovulated by means of pregnancy urine 



PERISSODACTYLA 


395 


to be 96 hours. This ovum was found in the last part of the oviduct (21). 

Double ovulations, i.e., the rupture of more than one follicle in a heat 
period, have been observed in 3.8 per cent of cases (2), and twin pregnancies 
in 3.2 per cent (22) and 1.6 per cent (23). In the first instance only 0.5 per 
cent twins were born, the remainder were aborted or one of the twins died; 
and in the second, two thirds terminated in abortion or miscarriage. A report 
of English Thorobreds in Russia gives 5 per cent of twin conceptions and i 
per cent births, and also records that two thirds of the sets of twins born are 
of opposite sexes (24). This report also states that the average incidence of 
twin births in general is 0.57 per cent. A very extensive series gives 1.5 per 
cent of twin births (25); another, i.i per cent (26); and another, 1.23 per 
cent (27). Evidently the mare is unable, as a rule, to carry twins through 
gestation. 

The sex ratio of the horse at birth has been extensively studied, and the 
literature has been reviewed in a paper dealing with the sex ratio of hybrids. 
This work points out that most of the earlier data, obtained from stud 
books, give a ratio of less than equality, 49.69 ±: .002 per cent males, in a 
series of more than a million records. A summary of records obtained from 
experiment stations gave 52.52 ± .95 per cent males, so the ratio is probably 
a little above equality and similar to that found in other species (26). 

The duration of gestation is extremely variable, with breed averages rang- 
ing from 329 to 345 days; the standard deviation is usually about 9.5 days. 
There is a tendency for the lighter breeds to have the longer gestation; hence 
the saddle horses tend to carry their foals longer than the draft horses (see 
table 20). There is general agreement that a gestation terminating in the 
winter is about 20 days shorter than one ending in spring, a surprising dif- 
ference. Gestations ending in fall and summer are a little shorter than those 
ending in spring. Males tend to be carried 1.6 to 2.0 days longer than females, 
and twins 10 days less than singles. Age has little effect, but the gestation 
period tends to be slightly shorter between the ages of ii and 13 years (27). 
A mare carrying a mule foal tends to have a period 10 days longer than she 
would have had if she had been served by a stallion of her own breed (28,29) * 
This is a little less than midway between the periods of the horse and ass. 
As the reduction in an ass carrying a hinney is about the same, it suggests a 
maternal influence on the length of gestation, since if the difference were 
due to the inheritance of the hybrid, each gestation should be midway be- 
tween those of the parents. 
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HISTOLOGY OF THE FEMALE TRACT 

OVARY, The ovary of the mare presents several interesting features, one 
of which is the ovulation fossa, or groove, from which the eggs arc liberated. 
Another is its hypertrophy in the fetus during gestation, and another, the 
limited life of the corpus luteuni during pregnancy. At birth the ovary weighs 
about 20 g., and at this time a great deal of the interstitial tissue which de- 
velops in the fetal ovary has undergone lipid degeneration (34), Graafian 
follicles are fully formed and the filly usually comes in heat for the first time 
at about ii months of age (2). Eight to nine large follicles are produced at 
each cycle, as a rule, but only one normally ruptures; the rest undergo de- 
generation (14). The weight of the mature resting ovary is about 40 to 70 g.; 
it is largest at 3 to 4 years of age, and then gradually diminishes (35). 

The ovary of the young mare is much like that of other mammals, with the 
follicles distributed over the whole ovary. The poles, however, grow inward 
toward each other, and the ovary becomes covered by a serous coat, leaving 
only the groove between the poles in which ovulation can occur. This is the 
ovulation fossa. Small follicles and ova are distributed throughout the stroma, 
but they migrate to the fossa as they mature (36). 

The maturing follicles are from i to 3 cm. in diameter at the beginning of 
heat, and the one which will rupture rapidly grows to about 5 to 6 cm. 
Palpation of follicles is fairly easy as they arc large in relation to the rest 
of the ovary, but they cannot usually be detected until 1 to 2 days before the 
beginning of heat (2). During heat the ovary becomes intensely congested, 
a condition which may be felt as a softening of the stroma (14), but the 
follicles themselves are tense, even on the first day (2) » 

Ovulation is spontaneous and is accompanied by a breakdown of blood 
vessels and considerable bleeding into the cavity. The corpus luteum rapidly 
forms and is bufi-colored when it is new. It persists for 2 to 3 cycles but can 
be distinguished from the latest one by its darker color. When it is fresh, 
secondary liquor folliculi is found at the center (35). It is pear- or toadstool- 
shaped with the stem toward the fossa, and in diameter it is one half to 
three fourths times that of the follicle (14). 

VULVA AND VAGINA, The mucous membranes of the labia, vagina, 
and cervix become more intensely pink during heat, and congestion is more 
marked, but the best diagnostic sign is the moist and glistening appearance 
of the vaginal mucosa at the time of heat. This passes off rapidly after ovula- 
tion (37). 
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Table 20* Duration of Gestation in Horses 


BREED 

DURATION OF 
GESTATION, DAYS 

STANDARD 
DEVIATION, DAYS 

Nonnius (30) 

328.9 ±2 .16 

9-5 

Rhein-Belgian (31) 

333.6 =!= .2 

7.2 

Tragkenen (25) 

332.72*3.07 

9-3 

Warmblood (25) 

332.8 rt. 15 

94 

Clydesdale (31) 

332.8 rt .g 

10.5 

Coldblood (25) 

333-0 ±.5 

94 

Shire (31) 

333-1 9 

9-1 

Belgian (2S) 

333-8 


Lippiza (27) 

334-3 ± -6 


Lippiza (32) 

335-5 


Nonnius (27) 

335-9 


Gidrau (27) 

338-8 


Thorobrcd (28) 

337-7 


Arab (27) 

338.3 


Pcrcheron (31) 

342.2 rt; .4 

10.57 

Belgian (33) 

344-7 ± -3 


Kladruber (28) 

345-4 


Kladrubcr (31) 

345.4 2I2 .3 

9.0.^ 


The growth of the vaginal epithelium is not so cyclical in nature in the 
horse as it is in many species. Mitoses may be found at any time, but they 
are most frequent during heat. Cornified cells tend to increase in number at 
this time, but as a layer they are never very prominent. The polyhedral cells 
of the mid-epithelial zone are largest during heat and smallest at 5 to 10 days 
of diestrum. Leucocytes are present at all times, but they are most numerous 
during heat and are least so at 5 to 10 days of diestrum (2) . 

The vaginal smear is indefinite, as would be expected from the epithelial 
changes. It is most abundant during heat, and at that time the cornified cells 
tend to increase, but none of the cellular changes are constant enough to be 
of diagnostic value (2,38,39,40). The amount of mucus begins to increase 
I to 2 days before heat, the increase continues to ovulation, and at the same 
time its viscosity is lowered. The volume is lowest and the viscosity is great- 
est at 5 to 10 days of diestrum (2). 

UTERUS. There is no well-marked cervical canal, but the os uteri is well 
defined, with large folds on the ventral side and a powerful sphincter muscle. 
There are no tubular glands in the cervix, but epithelial mucous cells are 
abundant. The os uteri is partly open during the second half of the heat 
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period, and at this time the mucous cells are swollen. Two days after ovula- 
tion these cells have become cubical, but they still contain a fair amount of 
mucus. At 8 days postestriim there is little secretion, and the wSubepithelial 
layer of blood vessels has become reduced. At the beginning of heat the cells 
lengthen, more secretion is present, the connective tissue becomes looser, 
the blood vessels increase in number, and many leucocytes invade the cer- 
vix(35). 

The uterine mucosa is brownish yellow to pinkish yellow. The muscle 
layers merge into each other, and the long, tubular glands are more numerous 
in the horns than in the body of the uterus. The connective tissue tends to 
be loose, with large lymph spaces. The uterine cells are not ciliated. Changes 
during the cycle are minor only. The uterus is turgid at the beginning of 
heat, and flaccid toward the end (35). The epithelium is highest during the 
later stages of heat and at 5 to 8 days of postestrum. On the first day of heat 
the cells are columnar with some pseudostratification, a contltiion which in- 
creases throughout heat. Minor changes only occur in the glands; they arc 
most active late in heat and at 5 t.o 8 days postestrum, and least so between 
these times. The cells are highest and the diameter of tlic glands is greatest, 
at 5 days postestrum. Leucocytes arc present at all times (2). 

OVIDUCT, The oviducts are 30 to 70 mm. long, and arc 4 to 8 mm. thick 
at the ampulla and 2 to 3 mm. thick at the uterine end. They have a dense 
muscular coat and very many mucosal folds. The subepithelial capillaries 
are small 2 days before heat and enlarge throughout that period. In diestriim 
the epithelial cells are cubical, but during heat they become columnar and 
are filled with secretion. Leucocytes invade the stroma in the heat period (35) , 

PHYSIOLOGY OF THE FEMALE TRACT 

As was mentioned above, the vaginal mucus is most abundant during 
heat. The pH of this mucus is 8.15 on the first day and 7.9 on the last day 
of estrus. Corresponding figures for the cervical mucus arc 7.73 and 7.85 (2). 

The amount of estrogen in the liquor folliciili has been studied in follicles 
ranging from i cm, to 5.5 cm. in diameter. The fluid is aspirated fairly easily 
from the follicles by a hypodermic needle inserted through the rectum. The 
amount of estrogen in a follicle varies with its volume, but the quantity per 
100 cc. remains about the same regardless of the volume. The results found 
vary from 2,030 to 2,625 R.U. per 100 cc. The pH of the liquor folliculi 
varies from 7.6 to 8.1, and it tends to rise with the size of the follicle. The 
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excretion o£ estrogens in the urine rises during and just following heat. There 
is evidence of two peaks, one during heat and one at lo to 15 days postestrum 
(41), the latter of which may be related to the decline of the corpus luteum- 
It is noteworthy that a similar peak has been reported by some workers as 
occurring in man a short time before menstruation. The decline of the sexual 
skin in other primates is further evidence that there is a fall in the circula- 
tion of estrogens at this time. 

The excretion of estrogens during pregnancy can first be detected at from 
30 to 40 days, when it is about 250 R.U. per liter. It rises to 17,000 R.U. per 
liter, or more, at the 260th day, after which the quantity rapidly falls as 
pregnancy nears its end (42). 

The mare is remarkable in that her blood serum contains at a certain stage 
of pregnancy large quantities of a gonadotrophic hormone (P.M.S.). This 
first appears at about the thirtieth day, is at a maximum at 45 days, remains 
high to 1 15 days, then rapidly declines and cannot be detected after 160 days 
(42-46) , At its peak 50,000 R.U. per liter, or more, are present in the serum. It 
appears to be formed in the tissue comprising the endometrial cups (47). 
It is found in the highest concentration in the smaller breeds of mares and 
may be four times as high in Welsh ponies as it is in draft mares (48). This 
gonadotrophin has been the subject of considerable study, but authorities 
are not yet agreed as to its nature, whether it is a single substance or a mixture. 
It stimulates the ovaries when it is injected into other animals, and the stimu- 
lation is mainly follicular, resembling that of but it also has some 

luteinizing properties (49^50) . 

Other peculiar phenomena occurring during pregnancy may be related to 
the appearance of this substance. At about the thirty-fifth day the corpora 
lutea of pregnancy degenerate. They are followed by a large crop of corpora 
lutea which, in their turn, degenerate by 150 days. These are formed partly 
by direct luteinization and partly by the rupture of follicles (51), though 
some of them appear to be formed by the luteinization of theca interna cells 
with degeneration of the ovum and granulosa. They are a rich source of 
progesterone. After 150 days the ovaries become atrophic and fibrotic (52) . 
These organs may be removed at 200 days without interruption of the 
pregnancy. After the operation estrogen excretion falls but it soon, rises 
again to its normal level, and it is maintained within the normal range for 
the remainder of the pregnancy (53) . 

The ovaries of female fetuses from 5 to 9 months after conception weigh 
126 to 130 g., compared with 20 g. at birth. During this time they are almost 
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a solid mass o£ inlersiitial cells (34). Fetal testes follow a similar curve of 
growdi and decline (54) and contain large islands of interstitial tissue. These 
increases occur at the time when the maternal ovaries arc devoid of lutein 
tissue. These fetal gonads do not contain detectable amounts oi progesterone^ 
but estrogens are present in a fairly high concentration (34). 

The general relationship is, therefore, that the corpus luteum of pregnancy 
degenerates as serum gonadotrophin appears. The latter apparently causes 



new corpora lutea to form. When the serum gonadotrophin disappears, these 
corpora lutea degenerate and the maternal ovaries become inactive. The fetal 
gonads now increase enormously in size and remain large until near the 
end of pregnancy, but there is no evidence that they have taken over the 
functions of the maternal ovaries. The growth and decline of the fetal gonads 
correspond with changes in estrogen excretion in the mother's urine. It 
would be interesting to know whether their growth and decline are associated 
with changes in the kind and quantity of gonadotrophic hormones in the 
fetal pituitaries, especially as the reaction resembles a response to the luteiniZ" 
ing hormone. 

The anterior pituitary of the adult horse is exceptionally high in F.S.H., 
but is somewhat low in L.H. content (55). Pituitaries of old mares and old 
geldings have a strong F.S,H. effect when they are implanted into immature 
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rats, while stallions’ pituitaries give a less strong F.S,H. effect. Young non- 
pregnant mares and young geldings give an L.H. effect, but that given by 
the pituitaries of colts and fetuses is mixed. Pituitaries from mares early in 
pregnancy are low in gonadotrophins. As pregnancy advances their potency 
rises, followed by a slight decline at about mid-pregnancy (56) . 

The optimum dose of estrogen to produce heat is 5,000 M.U., and higher 
doses are less effective. The optimum dose of “prolan” (P.U.) to induce 
ovulation is 1,000 to 2,000 M.U. (57). At the beginning of heat two injections 
of 500 M.U. of prolan given at a 5- to 6-hour interval induced ovulation at 
an average of 44 hours after the first injection. The mares remained in heat 
an average of 46 hours after ovulation, and the total length of heat was 
about half the normal time. The injections accelerated the ripening of the 
follicle and ovulation, and the treated mares were slightly more fertile than 
untreated ones (58) . Pony mares may be ovulated at any time, if moderately 
large follicles are present, by the injection of 1,000 M.U. of prolan. If this is 
done during heat, the ovulation occurs 22 to 30 hours after injection and the 
mare goes out of heat afterwards. If the injections are made outside estrus, 
ovulation occurs without heat 36 to 60 hours later (21). P.M.S. in doses of 
500 to 1,000 M.U. given on 3 to 4 successive days produced heat and ovula- 
tion if the injections were made during early or mid-diestrum. It was without 
effect during anestrum, and so were injections with horse pituitary extract 
at this time (20). 

The size of the living tubal egg is 133 //., and the zona pellucida is 13.2 
thick (59)* 


THE MALE 

The ejaculate of the stallion varies from 50 to 200 cc., and the number of 
spermatozoa varies from 4 to 13 billions. The average ejaculate is about 125 cc., 
and the average number of spermatozoa is about 8 billion (60) . The pH of 
the semen varies from 6.94 to 7.51, with an average of 7.31 (61). Another 
observer gives an average pH of 7.23 (62). The spermatozoa are able to 
travel at the rate of 3 to 4 mm. per minute. They live for less than 6 hours 
in the vagina and for 12 hours in the uterus, but the data are insufficient 
for us to be sure that these times are even approximate (61). 

A single observation has shown that spermatozoa may remain alive in 
the male tract for at least 3 weeks as they were found in a stallion gelded 
for that length of time (63) . The length of the epididymis is 72 to 86 metresj 
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and die number o£ ejaculatory ducts is X2 to i8 (64). The mean head length 
of spermatozoa is 6.3 (65). 

The urine both of the stallion and of the mare contains a large variety 
of sterols which appear to be metabolic products of the gonadic hormones. 
Stallions’ urine is an exceptionally rich source of estrogens, since that of 
immature males contains 1,000 to 10,000 M.U. of estrogen per liter, and that 
of adults, 20,000 to 50,000 M.U, The titer is highest in spring and summer 
and is lowest during the winter (66) . 
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Equtis ashms L. 
ASS, DONKEY 


The female ass reaches puberty at one year of a^c. The breeding season 
is limited as it is in the horse; some iennets experience cycles irom March 
to August, and some for a longer period. In Soudi Africa the breeding season 
is from the second half of October to the first half of April (i). The estrous 
cycle lasts 21 to 28 days, and heat 2 to 7 days (2). The mean cycle is 22 days 
long, the mean duration of heat is 4.7 days, and ovulation is usually during 
the last third of the heat period. The foal heat occurs modally 17 to 18 days 
after parturition, with a spread from 6 to 69 days (3). In Mississippi foal 
heat sets in 2 to 8 days after foaling and lasts 2 to d <lays; ovulation is ap- 
proximately 48 hours before the end of heat (2). One young is usually born 
at a lime. The period of gestation is about 365 days, bul it is 8 to 12 days 
less if the jennet is carrying a hinney (4), 

The ovaries are relatively small Follicles are arranged m rows, develop 
at the cranial pole, and move caudally. There is no ovuiatiem fossa at first; 
later the polar ends of the ovariCvS grow disprnpraiionaiely, curve toward 
each other, and the ovulation fossa comes into being. Ovulatitiii does not 
occur at each heat period, especially in younger females, liiooil is extravasated 
in the ruptured follicle, as it is in tlie marc. The corpus liiteiim is very in- 
conspicuous at parturition (i), so that one may suspect that the peculiar 
series of reactions observed in the mare during pregnancy occur also in the 
jennet. 

The labia swell during heat, and at this lime blood-stained mucus is pro- 
duced (i). The vagina during heat contains abundant mucus, which lique- 
fies and flows as heat progresses. The cervix becomes relaxed, flabby, and 
dark red, and it frequently shows hemorrhagic spots during this period. It 
is slightly narrower and longer than it is in the mare. It protrudes far into 
the vagina and is situated dose to the floor. In open jennets it is rather 
tortuous, even during heat, but during the foal heat it is wide open (2). 

Gonadotrophins may be detected in the l>l()od from 40 to 200 days of preg- 
nancy (5). On the fiftieth day, 5,000 to 10,000 M.U. per liter have been 
found, but the level falls too low for accurate pregnancy diagnosis after the 
150th to i6oth day of gestation (6). 
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Estrogens can be found in the urine from 50 days of pregnancy onward. 
At this time about 1,000 M.U, per liter are present. The amount increases 
to 70,000 M.U. per liter at loi days; it then decreases but does not fall much 
below 1,000 M.U. per liter (6). 

The volume of semen per ejaculate is from 70 to 115 cc, (7), or 40 to 
100 cc. (2). In another report a mean vulume of 54 cc. was given (8). The 
concentration of spermatozoa is from 95 to 264 million per cc. in a group of 
jacks in which the mean volume was apparently on the low side (8). In 
species in which a large proportion of the ejaculate comes from the accessory 
glands the mean number of spermatozoa per unit volume is likely to be 
very variable. The sperm concentration of jack's semen is higher than that 
of stallions (2) and the total output at an ejaculation seems to be greater, as 
it varies from 8 to 21 billions (7). 
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SPECIES 

BREEDING 

SEASON 

SEASON NO. 

OF OF 

BIRTH YOUNG 

GESTATION HABITAT. 
PERIOD ETC. 

Eqiws grevyi 
Oustalet 

Grevy’s Zebra 
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days 

No rutting sea- 
son for males 

E. hemionus 
Pallas 

Asiatic Wild Ass 


June- Aug. 

( Blanford) 



E. k^ang 

Aug.-Sept. 

July 

365 

E. Tibet 

Jvloorcroft 

(Schafer) 


days 



Kiang 
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Other EQIJIDAK {Conih^r.iri ) 


srrciEs 

BREEDING 

SEASON 

SEASfEX NO. ^ 
ai‘ ui- 

r>iRm YOUNG 

a'.S-i‘A'iiON 

inmiou 

IIAHITAT, 

F;rc. 

/A 


Apr.- Dec., i 


S. Africa 

CJniclifi 


mainly 



Quiigg.i 

(lUirchcU's Zebra) 


Aug.~~Nuv, 

ElaV', 


E. ^chn^ L, 


1 

12 


Mountain Zebra 



mtsatbs 



TAPIRIDAE 


Tap:i’:ts indiais 
Desiiiarest 

Klalay Tapir 


39W- 

days 

Malay Penin- 
sula 

T. iemstns L. 

Bef ore begin- 


S, America 

Braiftiliaii Tapir 

ning of rains 

::h |»2 



(Cabrera and 

days 



Yepcf.) 





IXDHX <i|' LATIN XAMLS 


Jdut^nyx 172 

. .t.'fxys 

t^ii, 2hu; i"- i 

f *;?./■’, ff;?, _4>7 

Jehnu 

Aepyrcms iwr/,;?*/?!.'/ '4^S 
Mhfchwus fro^h\Jis, «■! 

chyi'->phnv,s, p.^iVUi,Hiffu;s . 

xZn 

Ailnmpodd metamAencj, hc 
Ailiin'jpnduliu*, 13*1 
AlcckphiisjCt 31^ 

dkchphns husflaphus. ladma^ 3855 

Uchttmiemi, 3K5 

Akes alf€s, 3.^5; amcrkam, 33 335 
Ahpex hetxnuarim^ 160; iagapnr, 161*^ pn/t- 
ikjemis, 16 1 

Ahmasia pallkia, 100; senk-ulta^ i«4 
Ammotmgns hrtia, 383 
Amperhit see ChaeSoeerem 
Anomaluridae, 210 
Anomaltfrus frmerit 210; peUt, 210 
AmecMnomys lanigtr, 47 
Anthropoidea, 99 
Antidorcm marsupialiSf 388 
AntUocapra atnerkana, 339 
Antilocapridae, 339 
Antilope cervicapra^ 388 
AntUopinac, 383 
Anirozous pallidm, gi 
Aonyx capensis, 148 
Aotes zonalis, 104 
Aplodontia mfa, 291 
Aplodontiidae; 291 

Apodemus fodiens, 289; sylmticus, 289 
Arctoccphalus australis^ 176; forsteri, 176; 
pusiUus, lyS 


; «M/. 7^; ndmiS, y% 

.:t'A u 

: dmpkthus, -\|4; termtAs, 

Aiflcfix ffunrsi, 

A:eks atrr„ 

pdAukr.hsm, 

Axis, H%: (xrrns 

Bahru. HU karuursd, 327 
liiiijmys Uyhfi, 24 1 
lidacriKkr, i8i 

Baiaetwpitfu boreALu 1S2; physdis, 183 
Habrmitpteritlat*, 182 

I Bas?,arisciilac-, J3(S 

Bimarkcus mntus, 13d 
BathnTj^idac, 293 

ikmngm cunkulus, 59; lesnmi, 51 
Bibos, see Bos 
Bison, see Bos 

Biarim hrevlmuda, 63; telmakstes, 66 
Blastocems bezoarticus, 335; dkhctomus, 335 
Bos bison, 35S; honmus, 383; huhalis, 358; 
ooffcr, 3605 depresskornis, 383; frontalis, 
3571 gaums, 356; gmnnkns, 35^; indkus, 
357; taurus, 8, 340 
BoselaphtiS iragocamelus, 383 
Bovidac, 340 
Boviaae, 314, 3X5» 34 ^ 

Brackylagus idakoensis, 206 
Bradypodidae, 186 

Brady pus cuculUger, igS; grtsens, 186 
Buhalus, see Bos 
Budorcas bedfordi, 385 

Callitrichidae, 99 
Callorhinus ursinus, 175 
Caloprymnus campestris, 51 
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CamcHdae, 318 
Camelus hactriafitis, 32B; dromediirms, ^2f) 
Cani<lac, 14, 18, 23, 3X3 133, 

Ciwis, 23, 133; tizanii', loi; dingo, ihi; 
jamiiidns, 350; indicus, ihi; Uitrans, 
Itipus, ifh; lycaon, 161; mexicanus, lOi; 
ocvidentalk, 161; ochropus, idi; pMliper, 
161 

Cupni jahoneri, 384; kircus, 378; ibex, 384; 

pyrenaica, 384; sHnnca, 384 
Capnrolm bedfordi, 336; capreolnSf 330; py- 
gargtis, 336 

Capricornis snmatrefids, 384 
Caprinae, 14, 314, 315, 360 
Caproniyiclat3 309 
Caracal caracal, 172 
Cardhdcrma cor, 77 
Carnivora, 32, 133 
Carollia perspkillata, 75 
Castor canadensis, 231 
CasturUiae, 251 
Catarrluni, 104 

Cavia apera, 7; porcdltis, 7, H, 296 
Caviidae, 210, 296 
Ccbkiae, 100 

Cehns albijrans, 102; apella, 102; a'.^.arae, 
103; fatttclltis, 103; vclhrosus, 
Cephahphns caerultts, 386; dorsalis, 3H{>; 
nahilensis, 386 

Ccraiotherium, sec* Rhinoceros 
CerCQcelms ulhigena, 122; turquatus, 104 
Cercopithfcklae, 104 

CercopkhccHS aethiops, 105; cyttosnra, 123; 
mitis, 123 

Cervidae, 14, 28, 314, 330 
Certms axis, 331; canadensis, 331; cashmb 
fiensis, 336; duvauceli, 336; elapkus, 336; 

337; nmcneilU, 336; nippon, 337; por- 
cinus, 336; unicolor, 332J wallichi, 336 
Cetacea, 32, 179 
Chaetocercus cristicattda, 45 
Chinchilla brerkaudata, 3(^8; laniger, 307 
Chitichiilidae, 307 

Chirenecfes minimm, 44; panamensis, 44 
Chiroptera, 32, 70 
Choeropsis Ubcrknsis, 315 
Choeroptis castanoiis, 48 
Chrysochloridae, 57 
ChrysQchloris damarensis, 57 
Chrysocyo 7 i brachyitrus, 162 


Citciius beevheyi, 2n; bchkngi, 222; ckellus, 
222*. adumhanus, 21 2 ; jranliUnii, 222; 
huiriiH, 222; fdahoensis, 222; laicralis 
222; leucttru’, 222; mt^havensis, 222; par^ 
ryii, 222; ikhardsonii, 223; spilosoma, 
223; tcretkiUnius, zz-\\ townsendii, 223; 
iridccsmhncxitus, 211 \ t’ariegatscs, 223; 
H’jshhig^ord, 223 
Cireiiktis civctsj, 3f'j3 

CUidgiis belie ni, 220: 7 n^;r:nns, 227; thinns, 
22? 

Clethrionomys cdbfnrukas, 249; dawsani, 
249; gappai, 24*1; :^iarcoin$, 245; ?iivarms, 
249; sbofnerensis, 24 
Colenra ajra, 73 
Condylnra crisiaia, fcj 
Cane pat ns inarpurito^ 148 
ConnaclKfCies gnu, 38^; taurinus, 385 
C.oryntn'hinns matfotis, ; t aftnesqmi , 9! 
Cratoyeornys iastanops, 22S 
Cricctrd.ir, 20, 209, 2-52 
Caicetniac, 232 
Criicttnnys yamidsiKits, 2*^9 
Crkrinitis gmeus. 232*. trk^>n, 241 
(jk'ctns anratus, 232; erketus, 241 
Crocidnra caertdea, 0(9 drserti, ntj; vrdderj'- 
tails, 67 

(jvciita chfcnta, lUii 

Cryptfimys damarensis, 2 m^\ inechowil, 293 
Ctyptotis parva, tv; 

CtciuHlaciylklae, 2i)3 
Cienodactylis gnndi, 29^ 

CunicuHdae, 308 

Cnnictdis paca, 308 

Cuon dubkitnensis, tCu 

C\ dopes dorsalis, 187 

Cynktis penidUata, 164 

Cynomys gt{nniss>ni, 22^; lenctirus, 2x5; 

htdovkmnus, 223 
Cynopterus brachyutis, 7 1 
Cysiophora cristata, 178 

Dama datm, 337 

Danniliscus alhijnms, 3 85; huiatus, 3 86; 
pyu^tt'gtis, 386 

Dasymys hcluhnSi 2H9; nudipcs, 2S9 
DavSypodidacs 187 

Dasyprocta agouti, 295; punctata, 295 

Dasyproetidae, 295 

Dasyptertis ega, 91; foridamts, 91 
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Dasypus hyhrtdus, 187; novemcincUiS, 187; 

villosus, 7 
Dasyuridae, 45 

Dasy liras geoffroyi, 47; viverrintis, 45 
Daubentoma madagascariensis, 96 
Daubentoniidae, 96 
Delphinapferus leucas, 179 
Delphinidae, 179 
Delphinus delphis^ 179 
Dendrohyrax, see Procavta 
Dendromurinae, 255 

'Dendromus acraeus, 255; arenarms, 255; 
ochroptis, 255 

Desmodilltis aurktdaris, 254 
Dicerorhinus, sec Rhinoceros 
Dicer os, see Rhinoceros 
Dideiphidae, 40 

Didelphis atiriia, 44; azarae, 40; marsupialis , 
44; virginiana, 41 

Dipodillus campestris, 254; quadrimaculatus, 
254; simoni, 253 

Dipodomys hermannii, 230; ingens, 230; 
merriami, 230; microps, 230; ordU, 230; 
spectabilis, 230 
Diprotodontia, 48 
Dipus sagitfa, 292 
Dromica concinna, 49 
Dtigong dugon, 313 
Dugongidae, 313 

Echidna aculeata, 38 
Echidnidae, 38 
Echiniyidae, 295 
Edentata, 32 
Eidolon helvum, 71 
Ezra harhara, 148 
Elaphurus daindianus, 337 
Elephantidae, 31 1 

Elephanftdus, 26, 53; capensis, 56; intufi, 
56; my urns, 23, 53; rozeti, 56; rupestris, 
53 

Elephas africanus, 312; maximus, 311 
Eliomys quercinus, 227 
Emballuronidae, 73 
Enhydra lutris, 148 

Eothenomys fidelis, 249; tnelanogaster, 249 
Epomophorus angolensis, 71; crypturus, 72; 

wahlhergi, 72 
Epomops dohsoni, 72 


Eptesicus capensis, 91; juscas, 80; seroimus, 
81 

Eqxiidae, 14, 390, 392 

Equus asinuSf 404; cab alius, 392; grecyi, 
405; hemiontis, 405; liiang, 405; qmgga, 
406; zebra, 406 
Erinaccidae, 57 
Erinaceus europaetis, 57 
Erithizon dorsatum, 294; epixanthum, 294 
Erithizontidae, 294 
Erophylla planijrons, 75 
Euarcios americanus, 133 
Eubalaena australis, 182; glacial is, 182 
Eumetopias jubata, 176 
Eumops bonariensis, 94; californicus, 93 
Euoticiis eleganttdus, 98 
EuphracUis villosus, 188 
Eutamias amoenus, 223; cmericollis, 224; 
dorsalis, 224; merriami, 224; minimus, 
224; quadrimaculatus, 224; quadrivattns , 
224; townsendii, 224 
Evotomys, sec Clethrionornys 

Felidae, 15, 133, 166 

Felis hengalensis, 172; catus, 166; chaus, 
172; concolor, 173; glaucula, 173; leo, 17 1; 
lyhica, 173; lynx, 173; mearnsi, 173; 
nigripes, 173; onca, 173; pardalis, 173; 
pardtis, 173; ramsayi, 173; sylcestris, 172; 
tigrina, 174; iigris, 174; uncia, 174 
Eennectis zerda, 163 
Funatnhulus, see Seturus 

Galago alleni, 98; crassicaudatus , 98; sene- 
galcnsis, 97 
Galeopithecidae, 68 

Galeopkhectts variegatus, 69; volans, 68 
Gazella hennetti, 388; dorcas, 388; grantti, 
388; gutterosa, 389; przetmlskii, 389; 
rufifrons, 389; thomsoni, 389 
Genetta genetta, 164; tigrina, 164 
Geomyidae, 209, 227 

Geomys breviceps, 228; bursarius, 227; 

floridantis, 228 
Geosciurus inauris, 224 
Gerbiliinae, 253 

Gerbillus hirtipes, 254; swalius, 254 
Giraffa Camelopardalis, 338 
Girafiidae, 338 

Glaucomys sahrinus, 224; volans, 216 
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Glahiocephalns scamman$i i8o 
Glossopha^^a som'ina, 74 
Gorilla porilhif 126 
Gtilo hiscus, 148 

Halicorc, see Dugong 
Uapale jacchus, 100 
Hapdenuir ^riscus, 98 
HapalidaCs lOo 
Helogale parrnla, 164 

Hetnitragtis hylocrius, 384; jewlaiiirm, 384 
Herpailurus yaguaromdi, 174 
Her pest os edmmhi, 164 
Heteromyiclae, 309, 230 
Heferomys desmarestiantis, 230; gaumerl, 330 
Hippopotamidae, 32, 315 
Hippopotamus amphibius, 315 
Hipposidondiie, 79 

Hipposideros armigett 80; hkolar julrus, Sn; 
eager, 79 

Hippotragus equimu, 389; niger, 3H9 
Honiinidae, 127 
Homo sapiens, 137 
Hyaena brunnea, 166; hyaena, ift(> 

Hyaeiddae, 

Hydrochoeridae, 308 
Hydrockoertis hydrochoeris, 308 
Hydropofes inermis, 337 
Hyelaphtts, see Cervus 

Hylobiiies hainanus, 123; hoohck» 124; hr, 
124 

Hylobatldae, 123 
Hylochoems tneinerisihageTti , 327 
Hyperoodon ampullatus, 181 
Hypsiprymnodon nioschatus, 51; 

Hyracoidea, 310 
Hystrkidac, 295 

Hystrix africae-austrdis, 2955 ermata, 295; 
hodgsoni, 295; kucura, 395 

ktonyx striatus, 148 
Indri indri, 99 
Indriidae, 99 
Inia geogroyensis, 180 
laiidac, 180 
inseedvora, 32, 53 
Isoodon ohesulus, 48 

JacuHdae, 292 
Jacultts orientdts, 392 


Kerivoida hnosa, 91 

KohiiS dcfjssa, 387; eUtp.dprymfWs, 387 
Kogia bfrrieeps, iSr, 

Jv)giidac, 

Liit^miorphn, i~, 

Lagonn id.ne, 2 ; >8 
iMgomys royld, 21*8 
l^igostornus tridaitylus, 35^8 
higi^thrix htifnhddtii, 
h",gurus a^'tstus, as* 4 patiperrimus, 245 
iMtnj gia?na, 32%*: g, htui?;acHS, 329; vicugna, 
329 

Uisioiiyrtcris nnctivagjns, 9 1 

l<^vada belt a, zuo 

J^m m ns tri n ero n at ns, 2 5 i’ > 

l^mniscomys gg'kclda, 2q striatus, 290 

Lemur mm\ieo, 9S; mongoz, 98; ruhriventer, 

m 

I.eniuiidac, 9 - 
Ee!inu‘*>idea, pf* 
heontocchtis rosalia, 99 
I.tpitridae. I9l 

lA'ptonych-atcs U’tdJeUii, 177 
Ix^pus tdieni, ameneanus, 191; xiretictis, 
2f'>d; hairdii, ealifufiiicus, 207; mtnp- 
estris, eapensiSf 2^7; europaeus, 192; 
hiberniens, aay, mgrkdhs, 207*, rnfu'an- 
datus, saxatiUs, 2*^7; variahilis, 207 
LarEidae, 97 
Loxodonta ajricanus, 312 
Lutra canadensis, 137; lutra, 137 
Lycaon picttis, j 6 z 
L ynx canadensis, 174; rufm% 174 
Lyrodermj iyra, 77 

Macaca rynotnoigus, 105; idsekuhris, 105; 
irus, 105; numrtis, 123; mordax, 105; 
midatta, in8; nemesttim, 107; pdeatus, 
108; radiafa, in7; rhesus, 108; sinica, 116: 
sylvantis, tib 

Mact'oghsstis hgochdus, 72 
Kfacraprtdkiae, 5«J 

Macro pus cu genii, 52; fuliginosus, 51; gigan- 
feus, 51; rtiftcollis, 52; rufus, 52 
MiurosceUdes prohosddeus, 56' 
Macro.scelidiclae, 53 
Macrotus caUfornkus, 75 
Makcomys longipes, 290 
Mdlacothtix typims, 255 
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Maniclae, 1S5 
Manis pentadactylaf 185 
Marmosa isthmica, 44; murina, 44 
Uarmota caligata, 225; ilaviventris, 225; 

marmota, 216; monax, 217 
Marsupialia, 40 

Martes americana, 137; caurina, 138; joina, 
138*, marus, 139; pennanti, 139; zibellim, 
139 

Mastofnys coucha, 256 

Mazatna americana, 337; slmpUcicornis, 337 
Megaderma spasma, 77 
Mcgadermidae, 77 

Megaptera nodosa ^ 183; novae-angliae, 183 
Meles metes, 140 
Mellivora capensis, 148 
Melursus ur sinus, 134 

Mephitis hudsonica, 148; macroura, 148; 
mephitis, 140; mesomelas, 149; occidentaUs, 
149 

Meriones lihycus, 254; longijrons, 254 
Mesoplodon mirttm, 182 
Metachirops opossum, 45 
Metachirus nudicaudatus, 45 
Microcebus murhius, 99 
Microdipodomys megacephalus, 230 
Micromys minntus, 290 
Microsciurns alfari, 225 
Micro sore X hoyi, 67 
Microdnac, 244 

Miavtus agrestis, 246 j arvalis, 250; astecus, 
250; hlythi, 250; calijornicus, 250; chro^ 
torrhinus, 250; guentheri, 247; ludomcia- 
nus, 250; mexicanus, 250; minor, 250; 
montanus, 251; mordax, 251; nanus, 251; 
nesophilus, 251; nivalis, 251; ochrogaster, 
251; operarius, 251; oregoni, 251; pennsyh 
vanictis, 8, 10, 247; richardsoni, 251; ///(- 
bimensis, 251; townsendii, 251 
Millardia meltada, 290 

Miniopterus australis, 82; minor, 82; natalen* 
sis, 83; schreibersii, 83 
Mirounga leonina, 178 
Molossidac, 93 
Monodon monoceros, i8o 
Monotremata, 37 
Moschus moschijertis, 338 
Mungos mungo, 164 
Muntiaciis muntjac, 338; reevesi, 338 
Muridae, 14, 18, 19, 24, 28, 29, 209, 256 


Murinae, 256 

Mas bactrianus, 257; musculus, 8, 257 
Muscardinidac, 226 
Mtiscardiniis avallanarius, 227 
Mustela alpinus, 149; ermznea, 141; e. cico~ 
gnanii, 141; eversmanni, 149; frenata, 149; 
furo, 141; larvatus, 149; nivalis, 146; nope<- 
boracensis, 149*, puionus, 146; rixosa, 149; 
sarmatictis, 149; vison, 147 
Mustelidae, 14, 15, 28, 1335 137 
Myocastor coy pus, 309 
Myonax cauui, 164; sanguineus, 164 
Myosorex varius, 67 

My Otis austroriparitis, 84; bechsteinii, 91; 
calif ornicHs, 92; capaccinii, 84; chiloensis, 
92; daubentoni, 92; evotis, 92; grisescens, 
84; \eenn, 92; lucijugus, 85; myotis, 86; 
mysiacinus, 92; natteri, 92; sodalis, 87; 
subnlatus, 87; thysanodes, 92; volans, 92; 
yumaensis, 93 
Myrmecobitis fasciatus, 47 
Myrmecophaga tridactyla, 187 
Myrmecophagidae, 187 

Napaeozapus insignis, 292 
Nasilio brachyrhynchus, 56 
Nasua nasua, 136 
Nemorkaedus goral, 384 
Neobunodontia, 32 
Neofiber alleni, 252 

Neotoma albigula, 241; cinerea, 241; deser» 
tonim, 241; floridana, 241; fuscipes, 235; 
lepida, 241; magister, 241; tnexicana, 242; 
micropus, 242 
Neotraginae, 315 
Neso]{ia kpk* 290 
Nesoiragus Iwingstonianus, 386 
Neurotrichus gibbsii, 62 
Noctilio leporinus, 74 
Noctilionidae, 74 
Nomarthra, 185 
Notiosorex crawfordi, 67 
Notomys gouldii, 290 
Nyctalus lekleri, 92; noctula, 88 
Nyctereutes procyonides, 157 
Nycteridac, 75 

Nycteris borealis, 76; capensis, 76; cinerea, 
76; hispida, 76; luteola, 25, 76 
Nycticehus malamnus, 98; tardigradus, 98 
Nycticeius humerdis, 92 
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Ochotona damiah 190; prlnctps, 190; sc/ds- 
ticeps, 190 
Ochotonklae, 190 
Ochromys tivosniitnl, 290 
Odobenidae, 17S 

OdobentfS divergens, 27B; rosmarus, 178 
Odocoilem columbhinus, 33S; hemionns, 332; 

virginianuSf 333 
Oecofuys' endersi, 242 
Oedipomidiis geofjroyl, 100 
Oammys hypoxanthus, 290 
Oiiapia john.fioni^ 339 
Ondfelis geoSroyi, 174 
Ondaira rivaUda, 252; zibefhiciif 24S 
Onotragns leche, 3 87 

Otiychomys leucogaster > 242; tomdnst 242 
Ort'anmoi americanus, 3H5 
Oreo tragi IS oreotragtts, 386 
Ornithiirhynchidnc, 37 
Ornithorhynchiis paradoxus t 37 
Oryctcropudidac, 1 89 
Oryi ieropus ajer, 1H9 
Oryctaiagus amt cuius, 192 
Orv'.v ht'isa, 3 89; gazdla, 389 
Oryzomys alfurin, 242; amesi, 242; th'vius, 
242; juh'csct'tis, 242; pahistriSi 235; tald’^ 
mancac, 242 

Oturid jlavcscens, 176; jubaUi, 170 
Otariidaes 175 
Oiocyon mcgalotis, 162 
Otumyinac, 255 
Otomys irroratus, 255 
Ototylomys phyllotis, 243 
Onrebia ourebia, 3S7 
Ovibos moschatiis, 385 
Ovts ainmon, 377; arks, 360; canadensis, 377; 
mnsimon, 383; poll, 377 j tignel, 383 

Pacbyurotnys dupnisi, 253 
Pan satyrus, 124 
Pantholops hodgsom, 388 
Papio iinubls, 117; comaitis, 1195 cynocepha- 
lus, 1 1 7; dogticra, 117; bamadryas, 117; 
ieucapkaeus, 119; porcarius, 119; sphinx, 
1 23 

Paracymctls sdousi, 164 
Paradoxurus gruyi, 164; mger, 165 
Parascahpus hretven, 60 
Paratomys brantsU, 255; Imleddei, 255 
ParaxertiS cepaps, 225; ochraceus^ 225 


I Pcfdr! angnlatus, 3in 

Pedetes cajcr, 293; suu!a.s:it\ 293 
J’tiletiiLit', 293 
Pelea captrulus, 387 
Pchmys f rater, 29- ^ 

Perameics eremhmj, 48: myosnra, 4S; nastuia, 
47 

IVraaididat’, 47 
fVii‘.^.udact;Ja, 32^ 391 

Perognathus jasdatus, 2 U‘; jlavescens, 231; 
iiiivus, 231; jonuuius, 231; hisplJus, 231; 
lorJi, 23 K iuradrnsis, 233;; parvus, 231 
Peromyfcus, 29. 2i>9; loylll, 23C; cailjormcus, 
23 u; trlktus, 243: a auk us, 236; gassy 
inns, 243; h'txoptiS, 237: inanladatus, 238; 
ttasmns, 243; mniipcs, 243; nutiaUi, 243; 
p<.JionoiUS, 24*;; smei, 23^; yncaianicuSf 

243 

Peroprayx ainina, 73 
Petrudramits teiradaay Jus, 74. 

Pat 0 gate pearsunl, 72 

Parontus typictis, 2 \ii 

Peframysais iattmus, 237; shortrldgd, 255 

Phacat'huerus aefhlopicus, 327 

Pludani;cndar, 48 

Phasi.^'daraos dnereus, 

PkttiJajfnys Intermedlus, 272; loftgkatidus, 
252; idywpicus, 232; syirkUa, 272 
Phaca gruttdandu'a, 177; hspida, 178; rkn- 
Una, 177 

PhfH'iiena pkocavnotdcSf phucoena, 180 

Pbocidae, 177 

Phyilonyciais poeyl, 75 

Phyllostomidacj 74 

Physetcr catodon, iSi 

Phyj^t’tcridac, 18 1 

Piampedia, 175 

PIpIstreUus ahramns, 88; joutid, 93; hesperus, 
93 ; huhlii, 93; pipistrelUiS , 89; subjhunis, 

ijO 

Pttymys nemuraUs, 2^2; phuiarum, 252 
Piahmkia gangetka, i8u 
Pl.uyiThifd, 99 
Pie cot us auriius, pi) 

Pofiihgide albinuchii, j 49 
Poemys, sv.q Daidromus 
Poephagus, stJe Bos 
Palypfatodantiuj 40 
Pongidac, 124 
Pongo pygmaem, ia6 
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Votaniochoertis larvatus, 327 
Fotorous trldactyliis, 52 
Fotos flams, 136 

Presbytis entellus, 122; prmnus, 123 
Primates, 32, 9 ^ 

Frionodon pardicolor, 165 
Proboscidea, 32, 31 1 

Frociwia arhorea, 310; atpensts, 310; syrlaca, 

Procaviidae, 310 

Procyon lotor, 135; psora, 136 

Procyonidae, 135 

Procchimys setnispinosus , 295 

Pronolagns crassicaudatus, 207 

Froplthecus verreauxi, 99 

Proteles crisiaius, 165 

Protelidac, 165 

Fsammomys obesus, 254 

FseudochWus cooki 50; longimsus, 50 

Pseudois nahoor, 384 

Psctidorca crassidens, 180 

Ptcromys ?nagnifiais, 225 

Pteropidae, 70 

Pteroptis arid, 73? cofispidllatus, 72; cotinus, 
72; geddiei, 70; giganteus, 71; gouldi, 72; 
melanotus, 72; niger, 72; polio cep halus, 
72; rtijtis, 72; scaptiJafiiS, 72; subniger, 73 
Putorius, see Mustela 

Rangifer tnrandns, 334; /. arcticus, 335; t* 
caribou, 334; /. sibiricus, 334 
Raphicertis campesiris, 387; sharpei, 387 
Rattus rattus, 266 

Redunca arudinmn, 387; jtdporuftila, 388 
Rcitkrodontomys albescens, 243; creper, 243; 
fulvescetis, 243; humilis, 243; megalotis, 
239; mexicanus, 244; montanus, 244 
Rhabdomys ptitnilio, 291 
Rhachianectes gJaucus, 184 
Rhachianectidae, 184 

Rhinoceros bicornis, 391; simus, 391; smna^ 
trensis, 391 
Rhinaccroddae, 391 
Rhinolophidae, 77 

Rhinolophtts jerrum-equinum, 77; geo-ffroyi, 
79; hipposideros, 78; perniger, 79; rouxt, 
79) tragams, 79 
Rhizomyidae, 256 
Rhizomys pruinosus, 256 
Rhynchiscus naso, 73 


Rhyne hotragus kir\ii, 390 
Rodentia, 31, 209 

Rotsseitus aegyptiacus, 73 ; leackii, 73 
Rticervus, sec Cervus 
Rupicapi'a rupicapra, 382 
Rupicaprinae, 382 
Rusa, see Cervus 

Saccopteryx bilineata, 74 
Saccostomus anderssoni, 256 
Saimiri oerstedi, 104 
Sarcophilus ursinus, 47 
Scalopus aquatlcus, 62 
Scapanus iownsendii, 63 
Sciuridae, 15, 209, 21 1 

Sciurus aberti, 225; apache, 225; caniceps, 
225; carolinensis, 218; deppei, 225; dong'- 
lasii, 226; jremonti, 226; gerrardi, 226; 
griseus, 226; koffmanni, 226; hudsonicus, 
219; niger, 220; palmarum, 226; vulgaris, 
220 

Scotinomys teguina, 244 
Scotophilus l{uhlii, 93; nigrita, 93 
Selenarrtos ussuricus, 134 
Selenodonda, 32 
Sibbaldus musculus, 183 
Sigmodon hispidus, 239; minimus, 244 
Sika, see Cervus 
Sirenia, 32, 3^3 
Sminthopsis crassicatidata, 47 
Smutsia temmtnckji, 185 
Sorex arantis, 65; arcticus, 67; cinereus, 67; 
dtspar, 67; fumetis, 67; longirostris, 67; 
minutus, 66; obscurus, 67; palustris, 67; 
vagrans, 68 
Soricidae, 15, 53, 63 
Spilogale gracilis, 150; indianola, 150 
Steatomys pratensis, 256 
Sienella plagiodon, 180 
Strepsiceros imherhis, 389; strepsiceros, 389 
Subungulata, 32 
Suidae, 32, 316 
Suricata suricatta, 165 

Bus cristatus, 327; gigas, 327; scroja, 8, 316 
Syltneapra grimmia, 386 
Sylvilagtis aquaticus, 207; audubonii, 208; 
floridantis, 205; gabhei, 208; nnUallii, 208; 
palustris, 208; transitionalis, 206 
Synaptotnys cooperi, 252; helaletes, 252 
Syncerus, see Bqs 
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Tadarida cynocephala, 94; fetnorasacca, 94; 

macroiis, 94; mexiamti, 95 
Talpa europtica, 6x ; romana, 63 
Talpidae, 53, 60 
Tamias striatm, 221 
Tamiasdttms, 219 
Taphozous longhmvius, 74 
Tapiridae, 406 

Tapims indicusj 406; tarestriSf 406 
Tarsiidae, 97 
Tarsias spectrum, 97 

Tatera wdtcuSi 254; schhzi, 254; valid us, 
254; ticina, 254 

Taurotragus derbknus, 390; oryx^ 390 
Taxidea taxas, 157 
Tayassukiae, 316 
Teanopus phenax, 244 
Tenrec ecaudatus, 60 
Tenreddae, 60 
Tetracerus quadricornis, 390 
Thalacojuys Jeucurus, 48 
Thalarctos mariittnus, 134 
Thallomys damarensis, 291; nigrkttuda, 291 
T/iomomys battue, 228; ImUnvorus, 228 •> 
donglasii, 228; fossor, 229^ fulvus, 229; 
fuscus, 229; montkola, 229; ocitfs, 229; 
perpaUidus, 229; quadnmts, 229; talpaides, 
229; toimsendii, 229; umbnnns, 229 
Thos adusius, 162; mesomelas, 162 
Thryonomyidae, 293 
T/iryouomys swmdletiannSt 293 
Thylogale, see Macropus 
Tolypeutes trmmius, 188 
Tragelaphus angasi, 390; scrtpUts, 390 


Tm,i;ididaf, 329 

Traguius java?ii( us. 329: memlnua, 329 
'rrlar?:aps ajcr, Sd 
'j nchtvhidae, 313 
Turhvchus mauaius, 3!; 

Ttichosurus vulpfftda, 48 
'rubuHdciiiaia, 189 
Tupiila javjfdta, 88 
Tiipaiiilae, 

Tarslops truncates, iS*- 
Tyiomys u'atsarJ, 244 

U racy on d7:tioarfyentcas, 1 r'»2 
UrbidaCj 133 

Ursus arctos, 134; honikus, 135; klatnathen- 
sis, 133; torqu.it us, 133 

Vaudcicanj idawea, 291 
Vespertdio disi'dor, 93; mufinus, H6 
Vr!i)pmi!ionir!af\ 

iVrmy mcgaspHj, sfjs; zd'rtba, 165 
] Itrrriadj maiai i er.sis, i s ' s 
Vivcrridue% i<'»3 

Vtilpes idaprx, Hc.; beniialcusis. 162^ c/iatna, 
163; faira. 157; vebhv, ndpcs, 160 

Xcn.irtbra> 

Xalt^pfws cailjvndanus, lyu 
Zainnidae, 291 

Kapus Imdsordus, prhticpS;, 292; trino- 
tutus, 292 
Ziphikbe, i8i 
Zygodantomys cheniei, 244 



INDEX OF VERNACULAR NAMES 


Aartl wolf, 165 
Aardvarkj 189 
Agouti, 295 
Anoa, 383 
Ant bear, 189 

Anteacer, 187; bamiai, 47; giant, 1S7; scaly, 
185 

Antelope, 315; four-horned, 390; roan, 389,* 
sable, 389; Tibetan, 388 
Aoudad, 383 
Ape, Barbary, ii 5 
Argali, 377 
Arkar, 377 

Armadillo, 26, 28; hairy, 18S; Mulita, 187; 

nine-banded, 187; three-banded, 188 
Ass, 12, 28, 390, 404; Asiatic wild, 405 
Aye-aye, 96 

Babirusa, 327 

Baboon, Chacma, 119; Doguera, 117; sacred, 
1 17; yellow, 1 17 

Badger, American, 147; European, 28, 1401 
honey, 148 

Bandicoot, 47; barred, 48,* desert, 48; pig- 
footed, 48; short-nosed, 48 
Barasingha, 336 

Bat, 17, 29, 32, 70; big-eared, 91; big brown, 
80; little brown, 85; little Californian, 92; 
little canyon, 93; epaulette, 72; common 
European, 86; evening, 92; free-tailed, 94; 
Mexican free-tailed, 95; pocketed free- 
tailed, 94; Angola fruit, 71; epaulcttcd 
fruit, 72; Indian fruit, 71; red-necked fruit, 
72; short-nosed fruit, 71; gray, 84; hoary, 
76 ; great Indian horseshoe, 79 ; greater 
horseshoe, 77; lesser horseshoe, 78; great 
Himalayan leaf-nosed, 80; long-eared, 905 
northern red, 76; pale, 91; pardcolored, 


93,' Asiatic pipistrelle, 88; common pipi- 
strelle, 89; Rhoads’, 84; serotine, 81; Cape 
serotine, 91; long-armed sheath -tailed, 74; 
short-tailed, 75; silvery, 91; Cape slit-faced, 
76; Tejon, 92; Indian vampire, 77; Malay 
vampire, 77; whiskered, 92; white-bor- 
dered, 93; lesser white-lined, 74; yellow, 
93 

Bear, 27, 28; black, 133; Manchurian black, 
134; European brown, 134; Himalayan 
brown, 135; grizzly, 135; Klamath grizzly, 
135; koala, 50; polar, 134; Indian sloth, 

134 

Beaver, 231; mountain, 291 

Bharal, 3 84 

Bighorn, 377 

Biiby, white-tailed, 48 

Bison, American, 15, 358; European, 383 

Biackbuck, 388 

Blacklish, 180 

Blesbok, 385 

Bobcat, 174 

Bontebok, 386 

Boubieda, 253 

Brocket, red, 337; wood, 337 

Buffalo, African, 360; American, 15, 358; 

Eurasian, 358; European wisent, 383 
Bush-baby, 97, 98 
Bushbok, harnessed, 390 

Cachalot, 181 

Camel, bactrian, 328; dromedary, 329 
Capuchin, Azara’s, 103; brown, 103; thick- 
furred, 103; weeping, 102; white-fronted, 
102 

Capybara, 308 
Caracal, 172 
Caribou, 334 
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Cat, 7 , 9 , 15, 2% Ui6; h]ack*fuf>ir*l 

jungle, 172: leopard, 172; long-talWil, 17 
niarMipivil, 95, .-jp: ring-tailed, Eurn- 
pcan v.ikE 172; gia;, wild^ 173 
Cattle, (\ 7 i 17, 2fi, 2^ 24, 2-^, ah. 29. 21, 
340: humped, 357 
Cavy, 296; spotted, 308 
Chajiiuis, 3 82 

Cheetah, Sotith African, 172 
Che\rotain, Indian, 32*^: litlie Malau'ui, 329 
Chickaree, 226; orange -be! lied, 226 
Chimpanzee, 11, 13, 124 
Chinchilla, 307 

Chipmunk, 223; cliti, 224: eastern, 221; gray- 
collarcd, 224; little, 224*, lung-taiWd, 224; 
South African, 224 
Chital, 331 

Civet, African, 163; Burmese, 1(^5; large In- 
dian, 1 95; small Indian, 165; palm, 105; 
iliinalayun palm, 164; spuiU'd isyur, 

Coati, 13d 

Cony, niuuniain, 190 
Coyote, nmthern, 

Cuypu, 309 

Dassic, rock, 310; tree, 310 
Deer, 20, 314; blaclt-tailed, 33S; fallow, 27, 
337^ 33^; marsh, 335; mule, 332*, 

imisk, 33H; immpas, 335? IhVe David's, 337t 
red, 33O; rue, 27, 28, 330; Manchurian me, 
336; Siberian roe, 336; spiuted, 331; Vir- 
ginia, 333; Chinese water, 337; white- 
tailed, 333 
Dik-dik, 390 
Dingo, 16 1 

Dog, 20, 22, 23, 25, 27, 31, 150; AzaraN i6i; 

Cape hunting, 162; Indian wild, 162 
Dog raccoon, 157 

Dolphin, bottle-nose, 1H0', Canges, 180; Itmg- 
snonted, 180; common ocean, 179 
Donkey, see Ass 

Durniuuse, 227; Cape, 227; tree, 226 
Drill, 119 
Druinetlary, 329 
Dugong, 313 

Duiker, hay, 386; blue, 386; Cape, 386; red, 

386 

Echidna, 38 
Eland, 390; giant, 390 


rA’im.mf. Af]:*.,:n, '‘ic: Fj-liam 27, 311 
rJL, nant 5 y"; ward',, .'yt 
Tjunne, ^41 

I'tnnic. it "5 
EVriiU, 24. lyr 
Eishf 

living ffA% 70; Indian, yt 

Aic;:.:, nv . s i: i’.ni'sLf Arctic, idi; 
bign 'M eu, 1 da ; i *h. r na, 2 n - r. ccimuKUi, 5 62; 
grav, C'2: lihban. jna: kjt, Hiy: red, 157; 
EnyA'-h ltd, 1 *'-9 :ilv. r. j vy 

Ganr, 356 
iLAuL 357 

(Eizelle, Fi Uws\ <7V.::Fs, 388. Indian, 
3SS; rcd-froiKisj, -C<i: 'rFifnison's, 3S9 
<Iein'-bok, 389 

ru^ty-:.i‘n 4 t. ,1. ‘91 dL'‘|v,ued, 194 

f hi rib 2 5 i’; Dan '.If a p.cnu, 234; large, 254: 

luouv,*. 2^*^; hklriu'/'". a*; 4! • hort-e;ireti. 254 
iTibbiU:. 124: Uaiu.in. iCs; whit'c-browiid, 124 
Cnaii«\ f t, 3D 

Cum, n-f: I'rindh d, -A-'; w bite-tailed. 385 
( 5 oal, iK 8. 14. 25, 27, Nilgiri wild, 

484: It'tkv Mounr.diK yh'e 
(jophmv poikcL 227, eah: chestnut-faced 
pucka t, 22h; smtheiu ps.rket, 228 
t^»iral, 384 
C>orilLu izri 
Cntum! hog, 2x7 
(hie non, 123 

Guinea jug, 7, 9, 16, 23, 25, 27, 296 
Gundi, 293 

Elamster, 27; ChintA'C, 25, 2321 common, 242; 

giant. 241; golden, 232 
EJanglu, 336 

I-Iare, Arctic, 2uo; black -sraped, 207; Cape, 
2.07; common, 192; common Indian, 207; 
Irish, 2r/7; mounrain, 2(>7; Himalayan 
mouse, 208; red unk, 207: snowshoe, tpi; 
spring, 293', v.uyiiu';, 207 
Haifebrest, 315, 4K3; (Igna 38,; Lichten- 
steinV, 485 

Hedgehog, Kumpean, 5*;: bouih African, 59 
Hippopotamus, 315^ pygmv, 315 
Hoise, 5-1 t-t-i J3s H"' --Ts 31, 39*^? 39~ 
Iluanacig 329 

Hyena, brown, 166; spotted, 166; striped, 
166 
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Ibex, Alpine, 384; Aj-ialic, 384; Spanish, 384 
Impalla, 388 
Indri, 99 

Jackal, 161; black-backed, 162; side-striped, 
162 

Jaguar, 173, 174 
Jerboa, 292 
Jird, 254 

Kangaroo, rat, 50, 51; red, 52; sooty, 51 

Kiang, 405 

Kinkajou, 136 

Kiipspringcr, 3S6 

Koala bear, 50 

Kob, Lech we, 387 

Kudu, greater, 3S9; lesser, 389 

Langur, 122; Madras, 123 
Leinniing, mountain, 252; mouse, 252 
Lemur, common, 98; Hying, 08, 69; gray 
mouse, 99 

Let>pard, 173; snow, 174 
Lion, 1 71 
Llama, 329 
ft.oris, slow, 98 
Lynx, 173; Canadian, 174 

Macaque, bonnet, 107; crab-eating, 105; 
Moor, 123; pig-tailed, 107; rhesus, ii, 108; 
toque, 116 

Man, 4, 6, 8, 9, ^2, 13, 17, 22, 25, 31, 127 

Manatee, 313 
Mandrill, 123 

Mangabey, gray-cheeked, 122; sooty, 104 

Margay, 174 

Markhor, 384 

Marmoset, 7, 100 

Marmot, 216 

Marten, beech, 138; American pine, 28, 137; 

European pine, 139; sttvne, 13B 
Mierkat, 164; bushy-tailed, 164; slender- 
tailed, 165 
Mink, 147 

Mole, Brewer’s, do; common American, 62; 
common European, S, 52, 61; golden, 57; 
hairy-tailed, 60; least shrew, 62; star-nosed, 
60; Townsend’s, 63 

Mongoose, banded, 164; common, 164; dwarf, 
164; little, 164; slender, 164; water, 163 


Monkey, 21, 25; bonnet, 107; crab-eating, 
105; grivet, 105; howler, 100; red howler, 
104; night, 104; pig-tailed, 107; pluto, 123; 
rhesus, 22, 108; spider, loi, 104; squirrel, 
100; toque, 1 16; woolly, 104 
Moose, Alaskan, 335; elk, 335 
Mouflon, 383 

Mouse, 4, 9, 24, 25, 28, 257; Oregon creeping, 
251; deer, 238; desert, 236; fat, 256; field, 
246, 247, 250; single-striped grass, 290; 
striped grass, 290; grasshopper, 242; har- 
vest, 239, 243; little harvest, 290; house, 
257; Persian house, 257; jumping, 291; 
woodland jumping, 292; lemming, 252; 
Aztec meadow, 250; Californian meadow, 
250; dw'arf meadow, 251; Gull Island 
meadow, 251; Peale’s meadow, 251 ; Rocky 
Mountain meadow, 251; pine, 252; pocket, 
230; pouched, 45, 256; fat-tailed pouched, 
47; jerboa pouched, 47; pygmy, 290; red- 
backed, 245; Damara pygmy rock, 255; 
Kaokovcld pygmy rock, 255; sage, 250; 
Cairo spiny, 289; tree, 252; chestnut tree, 
255; gray tree, 255; long-tailed tree, 291; 
white -footed, 236; wood, 237 
Muntjac, 338 
Musk ox, 385 

Muskrat, 248; Australian, 51; Louisiana, 252; 
round-tailed, 252 

Narwhal, 180 
Nilgai, 383 
Nutria, 309 
Nyala, 390 

Ocelot, 173 
Okapi, 339 

Opossum, Australian, 48; brown, 45; elegant 
dormouse, 49; ring-tailed, 50; Tasmanian 
ring-tailed, 50; Virginian, 26, 27, 41; water, 
44 

Orang-utan, 126 
Oribi, 387 
Oryx, Beisa, 389 

Otter, Canada, 137; Cape clawless, X48; Eu- 
ropean, 137; sea, 148 
Ounce, 174 

Panda, giant, 135 
Pangolin, 185 
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Panther, 173 

Pcccar}', 316 

Peromyscus, desert, 236 

Pig, 4, 6, 10, 17, 316; African hush, 327; 

wild, 327; Manchurian wild, 327 
Pika, brown, 190; Dahurian, 190 
Platypus, 37 

Polecat, mottled, 149; steppe, 149; striped, 
148; Tibetan, 149 

Porcupine, 294; Himalayan crestkss, 295; Eu- 
ropean, 295; Indian, 295; South African, 
295; yellow-haired, 294 
Porpoise, harbor, 180; little Indian, 180 
Prairie dog, 215, 223; plains, 223 
Pronghorn, 339 
Puku, 387 
Puma, 173 

Quagga, 406 

Rabbit, 15, 16, 24, 25, 26, 29, 192; eastern 
cottontail, 205; New England cottontail, 
206; Oregon cuttontail, 208; Calilbrnian 
jack, 207; while-tailed jack, 207; maidi, 
pygmy, 206; swamp, 207 
Raccoon, 135, 136; dog, 157; Himalayan, 13d 
7> y» 543 28, 33, 266; anteitjpe, 254; 
hoary bamboo, 256; African bush, 289; 
cane, 244, 293; cotton, 28, 239; least cot- 
ton, 244; creek, 2905 dassie, 293; tiesert, 
290; giant, 2891 kangaroo, 230; giant kan- 
garoo, 2301 pygmy kangaroo, 230; Meiad, 
290; Indian mole, 290; large mole, 293; 
South-West African mole, 293; multi- 
mammate, 256; rice, 235, 242; South 
African rock, 289; rufous-nosed, 290; sand, 
254; shaggy-haired, 289; striped, 291; 
biack-taiicd tree, 291 j Daniara tree, 291; 
water, 2S9; wood, 235, 241, 244; desert 
wood, 241; Florida wood, 241 j Mexican 
wood, 242 
Rat kangaroo, 50, 51 
Ratel, 148 

Reedbuck, 387; mountain, 3S8 
Reindeer, 334 
Rhebok, Vaai, 387 

Rhinoceros, Asiatic two-horned, 391; black, 
391; white, 391 
Rodents, 209 
Rorqual, lesser, t 8 a 


37'''; northern, 27^; 


Sable, Siberian, 139 
Samba r, 332 
Sassaby, 386 
Sea elephant, 178 
Sea hon, Californian, 
southern, iy$ 

Seal, 2S, 20, ,75; fu,. Cipe ,^,5. 
northern fur, 175; (Jrciniancl, 177; har- 
hor. 177; h,-.rp, 177; houchii, 178; ringed, 
Weddd:''s, 177 
Scren, 389 
Serow, 384 

Sh.cn to. t,, t7, ,a, .f,; Barbary, 3S3; 

bighorn, 377; ntouflon, 3S3 
Shou, 33(J 

Shrew, common American. 67; common 
European, ^5; cieseit, Ofl: giant desert, 6 y, 
iJismal Swamp, f,(,; ,|u.d;j, 67: elephant.’ 
y, 5 C>- 'h>; lesser, fA,: long-tailcl, <17; mole, 
fid; Indian mtisfc. fio; pje-ny. (jy. 
railed, 13, 03; 67; 

sniol-.y, (17; tree, 68; vagrant, 68; water, 67 

Siiaka, 99 ^ 

Sika, 337 

Skunk, Aineiiji), i.;n; Chih.jn, t.,S; north- 
ern i.kunr., 148: fj-ourd, I to; (fulf spotted,'^ 

wesirrn, 149 

sloih, Ji-ay, ,St,; three-nici, iSfi 

Springbuk, 388 

Ssinirrel, Aheifs. nntelore. aaa; hush, 
-’ii: gray.footed hush, aa,: flying, 210, 
224; HudgSiruP*, Hying, 225; fox, 22(r 
goldcn-hackcd, 225: gray, 21S; C.ilifornian 
ground, 211; Coluinhian ground, zn; 
da ho ground. 22a; mantled ground, 222; 
Mohave ground. 222; Parry's ground, 22a; 
nng-taned ground, 223; .South African 
ground, 224; spotted ground, 223; thirteen- 
inco ground. 25. 2 j i ; Tsnvnsend’s ground, 
Washington gnmnd, 223; yeilow 
^ 28 : palm, 22,,; pygmy.' 225; 
A-aerican red, 2,y; Pa.ropean red, 220; 

. roek, 223; -spring-iailcd, 2to 
htemhok, 3K7; .Sharpe's. 3.87 

Stoat, coim„„n liuropcm. ,46; ermine. >41 

Livingstone's, j.Hd 
vSuslik, 223 


Tahr, 3S4 
Takin, 385 
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Tamarin, 99 

Tapir, Brazilian, 406; Malayan, 406 
Tarsicr, spectral, 97 
Tasmanian devil, 47 
Tcnrec, 60 

Thanu'n.tT, 337 

Tiger, 174 

Urial, 383 

Vicuna, 329 
Viscacha, 308 

Vole, bank, 245; Blyth's, 250; Louisiana, 250; 
pygmy, 230; rock, 250; Sikkim, 251; 
Townsend’s, 251; v/ater, 244, 251 

Wallaby, 52; Pcarstm Island rock, 52; scrub, 
52 

Walrus, 175; Atlantic, 17S; Pacific, 178 
Wapiti, 331 
Wart hog, 327 


Water-buck, common, 387; Defassa, 387 
Weasel, large brown, 149; European, 146; 
least, 149; New York, 149; pale, 149; 
African striped, 149 

Whale, 179; True’s beaked, 182; blue, 183; 
bottlenose, 181; false killer, 180; finner, 
183; gray, 184; humpbacked, 183; Atlan- 
tic right, 182; southern right, 182; sei, 182; 
sperm, 181; pygmy sperm, 180; white, 179 
Wildebeest, black, 385; blue, 385 
Wisent, 383 

Wolf, European, 161; gray, 161; Indian, 161; 

maned, 162; timber, 161 
Wolverine, 148 
Woodchuck, 217, 225 

Yak, 356 

Zebra, Burchcll’s, 406; Grevy’s, 405; moun- 
tain, 406 
Zebu, 357 



GENERAL INDEX 


Only those specks which arc the subkcis of sepruratc articlci. have been Induded in this 
index. Much more informatioti on breeding se:isajr>, litter siHe, ge^tuticjn etc., in other 
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Abortion {see Ovariectfuny and pregnanev) 
Abortion.s, sex ratio (see Sex ratio, abortions) 
Accessory tjrguns, femnlty 8. 9, la, 24 
— , male, K, 13, at; little brown bat, S6; gray 
hat, 84; lesser horseshoe bat, 7K; Mituop- 
tens svhmbseri, 83; Myotis capactini, 84; 
serotine bat, Si; guinea pig, 305; hedge- 
hog, 59; ninuse, 263; rat, 2H3; I3dined 
ground squirrel, 2i%i weasel, 14^ 

— , antirogeii injeclioas, dog, 355 
Acetyl-choline, am 

Adrenal Cortex, cellular changes; mtnise, 2113; 
rat, 275; sheep, 369; 13 -lined ground squir- 
rel, 213 

— , and testosterone, mouse, 263 
Age (.ree Cycle length, Gestation duration. 
Litter size, Puberty) 

Albumen secretion, echidna, 38 
Amenorrhea, lactation; Chacma baboon, 119; 

rhesus intmkey, 109 
Anal glands, spotted hyena, i6d 
Androgens, 13 

— excretion, females: chimpanzee, 126; man, 
133; rhesus monkey, 112 
— , excretion, males; cattle, 3=53; chiinpunzee, 
1 2d; man, 131; rhesus monkey, 114; pig, 
3^5 

— , excretion after castration, man, 131 
— , injections: guinea pig, 304; opossum, 43; 
rat, 281 

— f secretion time, opossum, 43 
— in testis: cattle, 352; pig, 324 
Androsterone, 13 


— requirement : mt, 284 

AniMnun. 14. r? : c.n, wshl cat, 172; 
chhripaireee, i.v'i: hed-c^’l;* '"jy; crab- 
eating uLiiske',. rlrt uiouluy, Iii8; 
t!ta F moU'v', 2,’"'; /un. tiiMu held niuusc, 
247; lluLjpeaii liJ h! luoU';\ 2. to; opushUlil, 
41; ra! 4 >it, m-;: imihim.umnau; rat, 256; 
levM'f rorqual, 1^2; Stiuudac, 2san dieej', 
3^1 : qiae Muuuel, i 'Glinal grnimd 

f'qnirrJ, 212: Ihuoprau ?rd Hpiinvl, 221; 
hank %e»!e, 2 .pi 

— IkS.IL inp'i tiisP'*. eat, f 70 
— . gonadotiophe irjhct'aav. gicater hor.se.shoc 
bai, 78 

— , hypophysectorir;. ka:4t, i.:4 
— , lactation: Crkctulae, 209: ferret, 142; 
golden llaln^^er. 233; Kurt wan field 
niourc, 247: Moridae, 20a; pig, 317; rat, 
271; inultimainmate rat, 257; merino 
sheep, sfi; ctjimnon slirewy 65; lesser 
shrew, ifi 

— , L.Ii. injections, cat, 171^ 

— nvariecteimy, I3di3i4d ground squirrel, 213 
P.M.S. liffccrkmu cut, r;.o, fenct, 144; 
goat, 381; ditrp, 371 
— , P.lh jukethms; cat, 17*..; b>x, 519 
AmivuliUury eyckih isee InCeUile cycles) 
Anterior pituitary, cellular cliaiiges; dog, 154; 
guinea |>ig» :P>t; mouse, 201; pig, 32a; 
rabbit, 199; eastern cotumtail rabbit, aod; 
rat, 275, 281; sheep, 3tH>; 13 -lined ground 
squirrel, 213 
estrogen etfects, rat, 281 
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— extracts, injectioa: MicrottiS gucftthcri, 
247; mouse, 262; rabbit, 199; rat, 2B0; 13- 
lined .sTmuncl squirrel, 213 
— , F.S.H. level, 17; cattle, 351; jj^uinea pig, 
303; horse, 400; man, 12S, 131; pig, 323; 
rabbit, 19B, 202; rat, 278; sheep, 371 
— , F.S.H. and menopause, 128 
— , and gonadcctomy, rat, 278, 281 
— , gonadotrophe and coitus, rabbit, 193, 
198 

— , gonadotrophe, time of appearance, pig, 
3-3 

— , hormone level and castration: guinea pig, 
305; horse, 400: rabbit, 292; rat, 284; 13- 
lincd ground squirrel, 213 
— , hormone level in females: pig, 323; east- 
ern cottontail rabbit, 206; rat, 281; sheep, 
371: I3“lincil grraind squirrel, 213 
— , hormrme level in males: horse, 401; man, 
131; rabbit, 202; eastern cottontail rabbit, 
203; i3»]ined gnmnii squirrel, 2x3 
— , hormone level and ovaiiectoiny: man, 13 1; 
rat, 2tSi; 13-Hncd ground squirrel, 213 
L.H. level: cattle, 351; horse, 400; man, 
13 1 ; nutria, 309; pig, 323; rabbit, 202; rat, 
284; .sheep, 371 

— , pndactin level, females: c:it, 169; cattle, 
331; guinea pig, 303; mouse, 202; rabbit, 
lOy; rat, 27H 

— 5 prolactin level, males: cat, 169; rabbit, 
203; rat, 285 
— , size, blue whale, 184 
Antlered does, mule deer, 332 
Antlers, and castratum, 315; mule deer, 332; 
roe deer, 330; Virginia deer, 333; prong- 
horn, 339; reindeer, 335; wapiti, 331 
— , and estrogens, roc deer, 330 
— , growth time: Cervidae, 315; roe deer, 330; 
Virginia deer, 333; pronghorn, 339; rein- 
tleer, 334? wapiti, 331 

— , ovariectomy; roe deer, 330; reintleer, 
335 

— , shedding time; chital, 331; mule deer, 
332; roe deer, 330; Virginia deer, 333 ^ 
pronghorn, 339; reindeer, 334; sambar, 
332; wapiti, 331 

Artificial insemination: cattle, 342; fox, 159; 

horse, 394; rabbit, 194; sheep, 363 
Atresia {see Follicle, graafian, atresia) 
Atrophic fetus {see Fetal atrophy) 


Baculum: harbor seal, 178; flying squirrel, 
2x6 

Beard, inheritance, goat, 381 
Birth, cause, 27 

— , time of day; cattle, 343; guinea pig-, 298; 

mouse, 259; pig, 320; rat, 269 
Bleeding, follicular {see Follicles, graafian, 
bleeding) 

■ — uterine {see also Menstruation) 

— uterine, diestrous, 23; Glossophaga son- 
cina, 74; cattle, 347; dog, 23, 154; Ele- 
phantiihis, 23, 53, 55 

— , uterine, metestrous, 23; cattle, 23, 341; 

347; guinea pig, 23, 300 
— , uterine at ovulation time, 23; man, 22; 

rhesus monkey, 22, no 
— uterine, proestrous, 22, 23; Canidae, 23, 
133; coyote, 156; dog, 151, 153; flying 
lemur, 68; Javan tree shrew, 68 
Blindness and fertility, wood mouse, 237 
Blood cell counts in cycle: pig-tailed monkey, 
107; rhesus monkey, 112 
Blood vessels, uterine; crab-eating monkey, 
106; rhesus monkey, iir; gray squirrel, 
218 

Body size and sex, 32 

Body weight, and menstrual cycle, pig-tailed 
monkey, 107 

— and reproduction, rhesus monkey, 108 
Breeding, place of: platypus, 37; lesser ror- 
qual, 182; humpbacked whale, 183 
— , season, 13, 19; Alcelaphinae, 315; ante- 
lopes, 315; arkar, 377; 9-banded armadillo, 
187; Artioclactyla, 314; ass, 404; Chacma 
baboon, 119; sacred baboon, 117; Amer- 
ican badgei*, 147; European badger, 140; 
big brown bat, 80; Httle brown bat, 85; 
common European bat, 86; Glossophaga 
sofidna, 74; greater horseshoe bat, 77; 
lesser horseshoe bat, 78; Indian fruit bat, 
71; Miniopteris australis, 82; M. minor, 82; 
M. schreibseri, 83; Myotis sodalis, 87; 
Nyctalus noctula, 88; common pipistrelle 
bat, 89; PipistrcUus subflaaus, 90; serotine 
bar, 81; black bear, 133; European brown 
bear, 134; beaver, 231; Bovinae, 314; 
African buffalo, 360; American buffalo, 
358; bush-baby, 97; bactrian camel, 328; 
Caprinae, 314; Azara’s capuchin, 103; cat, 
167; marsupial cat, 45; wild cat, 172; 
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Breeding, season {confmued) 
cattle, 340; CerviJae, 314; Cetacea, 170; 
chamois, 3S2; chimpanzee, 124; chinchilla, 
307; chipmunk, 221; chital, 331; ci\et, 
163; coyote, 156; Ci’icetidae, 209; mule 
deer, 332; roc tlecr, 330*, Virginia deer, 
333; dog, 150; dog raccoon, 157; echidna, 
38; African elephant, 312; Indian elephant, 
31 1 ; ferret, 141; fisher, 139; flying £t?x, 70, 
71; fox, 157; English red fox, iho; gaur, 
336; gayal, 357; Geomyidae, 209; gcrhil, 
253; gibbon, 124; giraffe, 338; goat, 378: 
pocket gopher, 227; ground hog, 217: 
guinea pig, 296; Chinese hamster, 232; 
golden hamster, 233; common hare, 192; 
snowshoe hare, 191; hedgehog, 57; Hetero- 
myidae, 2og; horse, 392? spotted hyena, 
166; rat kangaroo, 50; lion, 171; marmot, 
216; Marsupialia, 40; American pine mar" 
ten, 137; European pine marten, 139; stone 
marten, 13 H; Martes cawina, 138; mink, 
147; European mole, 61; hairy-tailed mole, 
60; star-nosed mole, 60; crab-e.iting mon- 
key, 105; grivet monkey, 103; howler 
monkey, xoo; rhesus monkey, loS; spitler 
monkey, 101; mouse, 257; deer mouse, 
238; <lescrt peromyscus, 236; American 
field mouse, 247; European ficlti mouse, 
246; harvest mouse, 239; jumping mouse, 
291; Peromyscus iruci, 239; Persian house 
mouse, 257; pouched mouse, 45; red- 
backed mouse, 245; white-footed mouse, 
236; wood mouse, 237; Muridae, 209; 
muskrat, 248; Neotraginae, 315; nilgai, 
383; Australian opossum, 48; Virginia 
opossum, 41; Canada otter, 137; European 
otter, 137; peccary, 316; Pinnipedia, 175; 
platypus, 37; porcupine, 294; prairie dog, 
215; pronghorn, 339; rabbit, 192; eastern 
cottontail rabbit, 205; New England cotton- 
tail rabbit, 206; raccoon, 135; rat, 2665 
cotton rat, 239; multimammate rat, 256; 
rice rat, 235; wood rat, 235; reindeer, 334; 
lesser rorqual, 182; Siberian sable, 139; 
sambar, 332; Sciuridae, 209; northern fur 
seal, I75J harbor seal, 177; sheep, 360; com- 
mon shrew, 65; elephant shrew, 54; lesser 
shrew, 66; mole shrew, 63; skunk, 140; 
flying squirrel, 216; fox squirrel, 220; gray 
squirrel, 218; Californian ground squirrel, 


21 i: Crdumbian ground «;quirrel, 211; 13- 
llnt-il grnim.l ‘•(luiriel, 2121 American red 
squiirck 219; Kurnpian red squind, 220; 
stoat, 141 ; Cf*!nri)<in spectral 

tan.irr, 9';; hiuh 245; ^vater Vffle, 244; 
wapiti, 331; Idut* wh ;le, 183; b-ottlciiose 
whale, 18 1; Inunpbackfd whale, 183; 
sperm whale, 381; \ak, 

— , season in Southern lirndsphcre, 14; fer- 
ret, 142; sheep, ypu 

Bulbo-urcthrnl p^hmlri Ih'f'pr^sidtras eager, 
79; chirarsunk. 221: ground hog, 217; star- 
noseo mole, 6V4 Ajueijcati Edd mouse, 248; 
flying sqiiirrd. 216; gray squirrd, 239 
^ — , absent, Amerkan rt«l squind, 219 
— ^5 secretion, amount, dog, 15*; 


(■admiiun salt's and ovulitioju 194 
(.apsulr, o\.-‘naji, aborfU: peccary, 316; 
p(n‘ket gopiier, 227 

closcil; gnatci hor-edirte hat, 77: Coieura 
735 Chinese liamsirr, 232; gohlcn 
hamster, 2^3; hedgehog, 57; siirew mole, 
64; cnimmon shrew, r^'s; bank vole, 246 
effect of cupelling on fecundity, rat, 277 
tncr>rji()]{‘{e; wjfd c,U, 17*"? *Vyr/<*n/ his- 
puiit, 75; ,V. 7P; 'CrLiemps ajer, 80; 

Mi 72 ;opterus miutir, 8.2; M. fiataierisis, 8^ 

, presnu; huropean mole, Pi; fieUi mouse, 
248; rat, 277 

Castration (see also Antler grsjwth): scrotine 
bat, &2; cat, 170; guinea pig. 305; mouse, 
263; Virginia opossum, 43; pig, 325; rat, 
281, 283* 2S4 

Cervix uteri; ass, 404; Chacma baboon, 121; 
Ayr/mr uispida, 75: bactrian camel, 328; 
cattle, 347; horse, 397; bonnet monkey, 
ir.H; crab-eating monkey, lod; rhesus mon- 
key, 110; tcK|iie monkey, ii6; rabbit, 197; 
sheep, 3 68 

—w fluids, reaction, horse, 308 
— , life of sperm in {see .Spermatozoa, life) 

, stimulation and corpus luteum, 15; mouse, 
a-sH; rat, 268, 276 

— stimuladon and ovulation, cat, 15, 169 
Choline esterase, rat, 277 
Chorionic gonadotrophin, 1 1 (see also Preg- 
nancy urine) 

tissue, estrogen coiuent, pig, 323 
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Climate (see Temperature, Light) 

Clitoris: bush'baby, 97; Chinese hamster, 232; 
spotted hyena, 166: spider monkey, 102; 
American field mouse, 248; raccoon, 136 
— , hypertrophy; guinea pig, 304; European 
mole, 62; rhesus monkey, 114 
Coagulating gland, rat, 282 
Coitus (see Ovulation, induced) 

— «, duration: thick- furred capuchin, 103; 
weeping capuchin, I02j marsupial cat, 46; 
dog, 155; ferret, 142; Maries caurina, 138; 
mink, 147; American field mouse, 24S; 
red-backed mouse, 245; pig, 324; Siberian 
sable, 140; 13-Iined ground squirrel, 212 
— , frequency and semen volume, pig, 324 
— , infertile, rabbit, 192 
— , time in cycle; common European bat, 86; 
common pipistrelle bat, 89: long-eared bat, 
Qi ; Myoiis soddis, 87; Pipistrellus suhflavus, 
90; free-tailed bat, 94; Azara’s capuchin, 
103; cat, 167; fox, 157; crab-eating mon- 
key, id 6; rhesus niunkc^v, 109; bank vole, 

145 

— , time of day: Eurasian buffalo, 3585 chin- 
chilla, 307; fox, 157; golden hamster, 233; 
mouse, 258; rat, 269 

Conception rate, in cycle: buctrian camel, 328; 
cattle, 342, 343; chimpanzee, 125; dog, 
151; goat, 378; horse, 394; man, 128; 
rhesus monkey, 1 08-109; pig, 317; sheep, 

363 

— , in foal heat, cattle, 341 
Contractions, muscular (see Dartos muscle, 
Oviduct muscle, Uterine muscle, Vas def- 
erens) 

Copper salts and ovulation, rabbit, 194 
Copulation (see Coitus) 

— , plug, 31; greater horseshoe bat, 78; Asiatic 
pipistrelle hat, 88; boubieda, 253; chim- 
panzee, 125; chinchilla, 307; gerbil, 253; 
guinea pig, 304; golden hamster, 233; 
mouse, 263; American field mouse, 248; 
prairie dog, 215; rat, 282; cotton rat, 240; 
multimammate rat, 237; bank vole, 245 
— , plug not formed: common pipistrelle bat, 
89; rabbit, 202; wood rat, 233; mole shrew, 

64 

Cornification (see Vagina, Vaginal smear) 
Corpus iuteum (see also Progesterone, Re- 
laxin), 13, 15, 20, 24, 25; Chacma baboon, 


120; greater horseshoe bat, 78; lesser 
horseshoe bat, 78; big brown bat, 81; little 
brown bat, 85; Minlopterus natalensis, 83; 
cat, 167; marsupial cat, 46; catdc, 345; rock 
dassie, 310; dog, 152; pocket gopher, 227; 
guinea pig, 299; golden hamster, 233; 
hedgehog, 57; horse, 396; man, 130; mole, 
62; howler monkey, 100; rhesus monkey, 
109; spider monkey, 10 1; mouse, 259; 
American field mouse, 248; Virginia opos- 
sum, 41; peccary, 316; pig, 320; platypus, 
37; rabbit, 196; rat, 272; sheep, 366; com- 
mon shrew, 65; elephant shrew, 54; mole 
shrew, 64; 13-Iined ground squirrel, 212 
— , activation, 16, 18; mouse, 258; rat, 
268 

— , counts: Cardtodenna cor, 77; mouse, 259; 
European field mouse, 247; multimammate 
rat, 257; common shrew, 65; lesser shrew, 
66; mole shrew, 64; gray squirrel, 218; 
bank vole, 246; water vole, 244 
— , duration, 18; cat, 167; wild cat, 172; 
Cetacea, 179; dog, 151; ocean dolphin, 179; 
ground hog, 317; guinea pig, 299; Chi- 
nese hamster, 232; golden hamster, 233; 
horse, 396; rhesus monkey, 109; peccary, 
316; pig, 320; rabbit, 196; rat, 272; north- 
ern fur seal, 175; sheep, 367; 13-Uned 
ground squirrel, 212; blue whale, 184 
— , estrogen content, pig, 323 
— , estrogen requirement, rabbit, 201 
— , function and estrogens, rat, 273 
— , growth rate, 19; cattle, 345; guinea pig, 
299; pig, 320; rabbit, 196; rat, 272 
— , hysterectomy; ferret, 144; guinea pig, 302; 
rabbit, 201 

— , in lactation, spotted hyena, 166 
— , nonfunctional, 16; 9-banded armadillo, 
187; Cricetidae, 210; golden hamster, 233; 
mouse, 258; Muridae, 210; rat, 266 
— , and parturition, 27 
, of pregnancy, 25 

— , pregnancy, degenerating in; ass, 404; 
Nycteris luteola, 76; Triaetiops afer, 80; 
horse, 399; common shrew, 65; mole shrew, 
64; gray squirrel, 218 

— > pregnancy, functional throughout: 

spotted hyena, 166; rabbit, 196 
— , pregnancy, number to maintain, rabbit, 

197 
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Corpus luteum, progt'steronc content: cattle, 
351; pig, 323*, rabbit, blue whale, 1^4 
— , rate o£ secreUun: man, 131*, rabbit, 
removal in cycle, emv, 341 
— , removal in pregnancy, 25; o-bancird 
armadillo, 187; cat, i%; goat, 3S1; guinea 
pig, 297; rabbit, lU/, 19H; rat, 277 
• — , size: Cardiaderma cm\ 77; cattle, 346; 
ferret, 142; golden hamster, 234; rhesus 
monkey, 109; peccary, 316; pig, 320: rat, 
272; sheep, 367; common shrew, 65; lesser 
shrew, 66; mole shrew, 64; gray squirrel, 
218; stoat, 14 1 ; bank vole, 246; water vf»!c, 
245; blue whale, 1S4 
Cortex {see Adrenal cortex) 

Cotyledons, uterine: cattle, 3 48: sheep, 369 
Cowper’s glands: pig, 324; flying squirrel, 
216; American red squirrel, 219 
— 3 secretion, composithm, pig, 324 
— , secretion, pH, pig, 324 
Creatine excretion, rat, 277 
Crural glands, platypus, 37 
Cryptorchid: goat, 38$^ pig, 324; rat, aHp 
28 

Cycle, cliestrigis, 20 
— , estrous, 13, 20 

— , length, t6; Barhary ape, irti; a‘'S, 404: 
Chacma baboon, 119; Doguera bahfHm, 
117; sacred baboon, ii8; yellow^ halwm, 
1 17; American buffalo, 358: Eurasian buf- 
falo, 358; bush“baby, 97; bactrian camel, 
328; Azara’s capuchin, 103; cat, 167; mar- 
supial cat, 45; cattle, 340; chimpanzee, 
125; chinchilla, 307; drill, 119; gayal, 357; 
gcrbil, 253; gibbon, 124; goat, 37S; 
guinea pig, 296; Chinese hamster, 232; 
golden hamster, 233; horse, 392; spotted 
hyena, 166; langur, 122; lion, 171; 
roan, 127; sooty inangabcy, 104; H.u- 
ropean pine marten, 139; tnink, 147; bun- 
nct monkey, 107; crab-eating monkey, 
grivet monkeys 105; pig-tailed monkey, 
107; rhesus monkey, 109; spider monkey, 
101; toque monkey, 116; mouse, 25H; deer 
mouse, 238; W(kh 1 mouse, 237; nutria, 
309; Virginia opossum, 41; pig, 317; rat, 
266; cotton rat, 240; Siberian sable, 140; 
sheep, 361, 362; Columbian ground squir- 
rel, 2n; stoat, 141; spectral tarsier, 97; 
zebu, 357 


— 5 hngth and ri;c, m 

— . kaseth and lucid.; 4,41; linthc, 39^^; 

moUH'. 2SS; 2^7 

— , k'lngin Dliicnlar sacred baboon, 

118: h'^M, ps’-Lnlcd monkey, 107; 
rheMi;. monkey, loo 

— , length, hpral plrun ; r.crffl bah, son, 118; 
chimp'amm-. t2%: Ijol-l. 492; pig-tailed 

m»i;ikey, 107; zlumu mtsnJ.iv, liitj 
■ — , Icngdi am: catfkv 341 

— , lcn5;tlr and tcmreratiirt’, mouse, 238 
— , It’Dgi!! avisl X-iay., mntv.; , luu 
— , patu rn, 23 

(Cycles, anu\ uaUosry. 22: rluoj,., inonkcy, iiu 
— , infertile; .e‘-. .y*.;; 'hjeiy, 461; stoat, 141; 
bank 245; wafu* vsec, 244 

i Urto.s muscle, cnmiactiHty, --!iet‘p, 372 
Dtvitim'incJa p?* dnedon: pjiir.ca pig, 302; 

incuse. 2 di; lat, ■’ 7*4 

OewUp, raM’it. 2c2 
I d{'* 4 inm, 20 

If'ngqii; Cldne-a hariraer, 232: cotton rat, 
240 

Diet NrJniism f 

nieliiylstilbestml and sprnuaf*igtncsis. sheep, 
I >i.','a'mina?e pjamk rig, 421 

liarly breeding, ef/ccts: mf, 271: sheep, 3fs4, 
3^*5 

Egg Ovum) 

Ejaculation: pig, 324; sheen, 373 
• — ^5 electrical: guinea pig, 3?.^: sheep, 373 
Embryo counts: big brown bat, 81; free- 
tailed bat 94; hidian fruit bat, 71; Cardio- 
drrmit cor, 77; ML^dopSems ausiralis, 82; 
Pipisfreihs sidiiimiSf ofg beaver, 23 1 ; coy- 
ote, 156; rock das'iie, 310; f-tar-nosed mule, 
60; mouse, 259; derr mou^e, desert 

pemroyscus. 247; }Yrom\s* us tmei, 240; 
American lleld mouse, European field 
mouse, 247; harvest mouse, 230; wtfod 
mouse, 237; miikimammatr rat, 237: wood 
mt, 233; common shrew, 63; lesser shrew, 
66; inrdc shrew, 64; gray stpiirrcl, 318; 
Califurnbn groumi squirrel, 211; American 
red squirrel, 219; water vole, 344 
— , in relation to season, common hare, 192 
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Embryos, distributiun between uteri: guinea 
pig? 297; niouse, 250; rat, 270 
Endometnuiii ist e also Uterus for spedes) 
— , and progestenmc, 19 
Epididymis, 31; bat^-, ^n: u'anmon European 
bat, By; coniinrm pipistrelle bat, 89; Mhiiop- 
ierus schvdhsai, 83; cuyote, 156; ferret, 
145; pig, 324; sperm whale, iSi 
— , life of sperm in {sec Spermatozoa, life) 
— , secretion, composition: cattle, 353; pig, 
324; sheep, 374 

— , secretion, pH: pig, 324; rat, 283 
— , size: pig, ^24; sheep, 372 
Equine gonadotrophin {see Pregnant mare 
serum) 

Estradiol, 12 
Estriol, 13 

Pistiogen, and corpus luteam, rat, 279 
— , eilect on cmhruis, rat, aSr 
— , excretion, i;?, 17, 22, 25 

excretion in cycle: cattle, 35 1: chimpanzee, 
126; guinea j>ig, 302; horse, 399; man, 130 
— , excretion by males: chimpanzee, 126; 
horse, 402; man, 132; rhesus monkey, 114; 
pip?* 3-^-5 

— , excrethm by pregnant females: ass, 405; 
cattle, 351; dog, 154; goat, 381; guinea pig, 
302; horse, 309; man, 130; rhesus monkey, 
1 1 2; pig, 323; rat, 27S; zebu, 337 
— , functions, 22, 27, 18, 21, 25, 27 
— , implantation requirement, rabbit, 201 
— , injection effects in female: cat, 169; ferret, 
144; mouse, 262; Virginia opossum, 43; 
rabbit, 200; rat, 27S; 13-Iined ground squir- 
rel, 213 

— , injection effects in male: cat, 170; rhesus 
monkey, 114; 1 3 -lined ground squirrel, 214 
— , injection effect on ovaries, rat, 279 
— , injection in pregnancy: cat, 170; golden 
hamster, 235; mouse, 262; rat, 281 
' — , injection and proestrmis bleeding, dog, 154 
— , injection and vaginal changes; cat, 169; 
catde, 349; dog, 154; golden hamster, 235; 
mouse, 2621 Mkroius guentheri, 247; rat, 
278; sheep, 370 
— , origin, 12 

— , rate of secretion, mouse, 262 
— , requirement for heat: cattle, 350; guinea 
pig* 303; horse 401; mouse, 262; rat, 278; 
sheep, 370 


— ■, threshold, 17 
— , unit: mouse, 261; rat, 278 
— , and uterus: mouse, 2621 rat, 279 
— , withdrawal theory, 21, 113 
Estrone, 13 

Estrous block, cattle, 350 

— cycle length {see Cycle, estrous, length) 

— cycle nomenclature, 19 

— cycle suppression by hormones, mouse, 263 
Estrus {see also Heal) 

— continued, rat, 279 
— , psychic, 20 

Facial glands, sanibar, 332 
Fall breeders, 14 
Fallopian tube {see Oviduct) 

Fecundity, ii 
Fertility, ii 

Fertilization, site of, fox, 158 
Fetal atrophy, 26; Pipisirelhts subflaeus, go; 
marsupial cat, 46; mouse, 259; American 
field mouse, 248; pig, 318; rabbit, 195; rat, 
270 

Fibrinogenase in semen, dog, 31, 155 
Fibrinolysin in semen, man, 31, 13 1 
Filiform appendage, sheep, 372 
Foal heat: ass, 404; Eurasian buffalo, 359; 
bactrian camel, 328; cattle, 341; goat, 379; 
horse, 394; merino sheep, 361 
— , conception rate, cattle, 341 
Follicle stimulating hormone, 11,17 {see (tlso 
Anterior pituitary, F.S.H.) 

Follicles, graafian, 9, 16, i8; ass, 404; Chacma 
baboon, 128; big brown bat, 81; little brown 
bat, 85; free-tailed bat, 94; Nycieris luteola, 
76; common pipistrelle bat, 89; cat, 167; 
cattle, 345; dog, 152; ferret, 142; fox, 158; 
guinea pig, 298; hedgehog, 57; horse, 396; 
mouse, 259; pig, 320; platypus, 37; rabbit, 
196; rat, 272; sheep, 366; elephant shrew, 
54; 13 -lined ground squirrel, 212 
— antrum: little brown bat, 85,* Nycteris 
luteola, 76; cattle, 345; guinea pig, 298; 
pig, 320; rat, 271; sheep, 366; mole shrew, 
63; iS-lined ground squirrel, 212 
— , artificial rupture: horse, 394; rabbit, 194 
— , atresia: Chacma baboon, 120; cat, 168; 
guinea pig, 298; hedgehog, 57; bonnet 
monkey, 108; mouse, 259; Virginia opos- 
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FoIUcles, atresia (mniitmed) 

sum, 41; rabbit, 193, 196; rat, 272; f,hcq\ 
366; i3”Iinccl ground squirrel, 212 
— , bleeding into: ass, 404; Chacma habsuij^, 
120; i)ig brown hat, Si; Minioptems ntU,d- 
ensis, S3; marsupial cat, 40; cartle, 345; 
guinea pig, 299; horsCj 396; rhesus man- 
key, 109; pig, 320; platypus, 37; rabbit, 
196; rat, 272; sheep, 366; common shrew, 

65 

— , blood, rabbit, 193 

— , growth, iS, 24; guinea pig, 298; rat, 272 
— , luteinizadon: Chacma baboon, 120; big 
brown bat, 81 ; cattle, 345: dog, 152; guinea 
pig, 299; hedgehog, 57; horse, 396*, 
howler monkey, 100; mouse, 259; pig, 320; 
rabbit, 196; rat, 272; sheep, 367 
— , luteinizadon, preovulatory, little brown 
bat, 85 

— , polyovular: mouse, 260; Virginia opos- 
sum, 41; rat, 272 

— , size: Chacma baboon, 120; little brown 
hat, 85; greater horseshoe bat, 78; lesser 
horseshoe bat, 7S; Nycteris lufcola, 76; 
baetrian camd, 32S; cattle, 345; tlog, 152; 
ferret, 142; fox, 158; guinea pig, 299; Chi- 
nese hamster, 232; galtlen hamster, 233; 
hedgehog, 57; horse, 396; mouse, 259; pig, 
320; rabbit, 196; rat, 272; sheep, 366; com- 
mon shrew, 65; mole shrew, 63; lesser 
shrew, 66; gray squirrel, 2x8; 13 -lined 
ground squirrel, 212; bank vole, 246; water 
vok, 245 

Food {see Nutrition) 

Fossa (see Ovulation fossa) 

Freemardn, 6, 7; cattle, 7, 343, 35^; pig» 7 
— i not produced: cat, 7, 351; Dasypus, 7; 
marmoset, 7 


Genital crisis (see Newborn) 

Gestation, duration, 27; Barbary ape, 1x7; 
arkar, 377; ass, 404; Chacma baboon, 1x9; 
sacred baboon, ix8; common European bat, 
86; free-tailed bat, 94; common pipistrelle 
bat, 89; NycSalus nocmla, 88; black bear, 
134; European brown bear, 134; beaver, 
23 1 j bighorn, 377; boubieda, 253; African 
buffalo, 360; American buffalo, 358; Eura- 
sian buffalo, 359; bush-baby, 97; bactrian 


camel, 32S; dd.'k-nirjTd capuchin, 103; 
wccpmg capiifldn, i.’2: cariEm, 334; cat, 
mar‘U|EI iat, 43^ wiM cat, 172; 
catrle. -:4 *m ^^2; eldinpanzec, 125; 

thinihiila, ^-7; chipmunk. 221 ; chital. 331; 
«.uyi4r, 156: Tuik claf'^ke, 310; roe deer, 
330; Virginia deer, 333; drtg, 152; dog rac- 
coon, x«;7; uccan cK/iuliin, 276; Afiican ele- 
plianf, 312; liKhaii elrphani, 321; elk, 331; 
errinne, 141; ferret, 142; fidicr, 139; fox, 
15H: gaur, 5-16; ge;h:l, 235; girafle, 338; 
goat, 3S0; ground 217; guinea pig, 
29S; gulden hasnivtcr, 233: cuinmon hare, 
291; snowdiue hare, i-jx; hedgehog, 57; 
hinney. 393; Idppopotcnms, 315; pygmy 
hippopotamus. 315; horrr, 395; spotted 
hyena, x66; rat kangatuo, 50; lion, 171; 
man, 129: marmot, 2x7: pine marten, 137; 
European pine marten, 130: stone marten, 
138; Martes rurffhvvx, 13S; ndnk, 147; hairy- 
tailed mule, nu bfuinct mnokey, 107; crab- 
eating monkey, uq; grivrt monkey, 105; 
pig-tailed niruikey, X07; rhesus monkey, 
ioi>; mouse, 2^9: deer mcaise, 238; Euro- 
pean field moinc, 246; harvest mouse, 239; 
PerMun house muiisq 257; Peromyscus 
ailifffrmcm, 236; /*, Srnri, ,239; desert pc- 
riiruyM'us, 236; jed-b.urkcd moose, 245; 
wood mouse, 237; mule, 399; muskrat, 249; 
nilgai, 383; nutria, 3 chj; okapi, 339; Aus- 
tralian DpE^suni, 48; Virginia opossum, 41; 
Canada otter, 137: European otter, 137; 
pig, 31S; Pinnipedia, 175; porcupine, 294; 
yellow-haired porcupine, 294; prairie dog, 
215; rabbit, 193; eastern cottontail rabbit, 
205; raccoon, 136; rat, 271; cotton rat, 240; 
rice rat, 236; wood rat, 235; reindeer, 334; 
lesser rorqual, 182; Siberian sable, 140; 
sambar, 332; northern fur seal, 175; Wed- 
dcH's seal, 177; sheep, 364, 367; common 
shrew, 63; mole shrews 63; skunk, 140; 
flying squirrel, 216; fox .scpjirrei, 22a; gray 
squirrel, 2x9; Columbian ground squirrel, 
21 1 ; 13-Hned groumi squifrcl, 212; Amer- 
ican red squirrel, 219; Eurojiean red squir- 
rel, 221 ; stoat, 141, 146; w:ipiri, 331; wea- 
sel, X46; blue whale, 183; bottlcnosed 
whale, 1 81; ixnner whale, 183; hump- 
backed whale, X83; sperm whale, i8x; 
woodchuck, 217; yak, 3565 xebu, 357 
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— , duration ami age: cattle, 343; gnat, 380; 
horse, 395; sheej), 366 

— , duration and breed, 2S; Eurasian butlalo, 
359; cattle, 3.13, 344; goat, 380; horse, 395; 
pig, 31H; rabbit, 193; sheep, 364, 367 
— , dumtion and exercise, cat, 167 
' — , duration and litter 2B1 fox, 158 
— , duration and season, 28; cattle, 343; horse, 
305; goat, 380: sheep, 366 
— , duration, sex difference: bactrian camel, 
328; cattle, 343; horse, 395; sheep, 3f>6 
— 5 duration, twins: cattle, 343J sheep, $66 
- — , effect on seasonal reproduction, 15 
— , prolonged in lactation, 28: mouse, 259; 
deer mouse, 238; wood mouse, 237; Pe- 
rot 72 ysa{S iruei, 239; rat, 271 
Glycogen, in uterus: crab-eating monkey, io6; 

rhesus monkey, no 
— , in vagina, rhesus monkey, 110 
Gonadectomy and horn growth, sheep, 374 
Gonadotrophes {see also Anterior pituitary, 
Pregnancy urine, Pregnant marc se- 
rum) 

— , in blood; ass, 404; horse, 399; X3dined 
ground squirrel, 214 
breed differences, horse, 399 
— , excretion by newborn, man, 130 
— , excretion in pregnancy; chimpanzee, 
lad; girafTe, 338; man, 130; rhesus mon- 
key, 1 12 

< — and menopause, man, 128 
— , and ovary, guinea pig, 303 
— and ovulation; ferret, 144; rabbit, 193, 

198 

, rate of release; ferret, 144; rabbit, 198 
— , and seasonal reproduction, 14; snowshoe 
hare, 191; 13-lined ground squirrel, 2x3, 
214 

Gonads, early response to gonadotrophes, 9 
embryonic development, 5 
Graafian follicle {see Follicle, graafian) 
Granulosa cells: little brown hat, 85; frcc- 
tailcd bat, 94; cat, 167; cattle, 345? dog, 
152; fox, 158; guinea pig, 298; howler 
monkey, lOi; rhesus monkey, 109; mouse, 
259J mgi S^o; platypus, 37; rabbit, 196; 
rat, 27 X; elephant shrew, 54; mole shrew, 
63; 13-lined ground squirrel, 212 
Gynandromorphism, 7; mouse, 8; Utcroius 
pennsylvanicus, 8; guinea pig, 8 


Heat, intensity, sheep, 363 
— , interrupted; horse, 392; rat, 268 

length, i5i 24; ass, 404; American buffalo, 
358; Eurasian buffalo, 358; bush-baby, 97; 
bactrian camel, 328; cat, 167; cattle, 341; 
chinchilla, 307; coyote, 156; dog, 151; dog 
raccoon, 157; Indian elephant, 311; ferret, 
142; fox, 157; gerbil, 253; goat, 378; 
guinea pig, 297; Chinese hamster, 232; 
horse, 392; Hon, 171; pine marten, 137; 
European pine marten, 139; mink, 147; 
mouse, 258; nutria, 3095 pig, 3x7; rabbit, 
193; raccoon, 135,* rat, 26S; cotton rat, 240; 
Siberian sable, 139; sheep, 361; lesser 
shrew, 66; mole shrew, 63; skunk, 140; 
Columbian ground squirrel, 21 1; 13-lined 
ground squirrel, 212; zebu, 357 
— length and age: cattle, 341; horse, 393 
— , length and breed: horse, 393; mouse, 258; 
sheep, 361 

— , length and light, zebu, 357 
— , length and season, horse, 393 
— , post-parturn; Nycteris luteola, 76,* bac- 
trian camel, 328; chinchilla, 307; Cricct- 
idae, 209; fisher, 139; guinea pig, 297; 
snowshoe hare, 191; rat kangaroo, 50; 
mouse, 258; deer mouse, 238; American 
field mouse, 248; European field mouse, 
246; Perornyscus, 209; Persian house 
mouse, 257; red -backed mouse, 245; wood 
mouse, 237; Muridae, 209; nilgai, 383; 
nutria, 309; rabbit, 194; rat, 269; cotton 
rat, 240; multimammate xat, 257; rice 
rat, 236; common shrew, 65; lesser 
shrew, 66; bank vole, 245; water vole, 

244 

— , post-partum, absent: golden hamster, 233; 
desert peromyscus, 236; Peromyscus Cali- 
jornicus, 236; gray squirrel, 218 
— , time of day: gerbil, 253; golden hamster, 
233; guinea pig, 297; mouse, 258; rat, 269; 
sheep, 363 

Heredity^, and duradon of gestation, 28 
— , and sex ratio, 15 
Hermaphroditism, essential, 8 
— experimental; guinea pig, 8; rat, 281 
— in male: goat, 8; man, 8 
— , pseudo, 6; goat, 379; man, 6; pig, 6 
— , true, 6; cattle, 85 man, 8; mouse, 8; 
Uicrotus penmylmnicm^ 85 pig, 8 
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Hihcrnatiim, prercriUbifu tur rtfnn,!raKti;. I 
1 5 -lined gnnind .squirrel, 212 
Hofinoncs, gtJhadic, 12 ; 

— 5 in rcprutluction. ii i 

Hornkssiiess and pseuduherniaphKid'.ti’in. j 
goat, 379 ! 

Horns, inheritance, diecp, 573 j 

Hjaiuronidase, 30 } 

Hypophysectomy, and menstruation, ihcsiis [ 
monkey, 111 \ 

— , and in’ularion: ferret, 144; rabbit, 193 | 

— , and pregnancy: dug, 135; nimne, ata: 
rat, aSi 

Hypophysis (see Anteruir pituitary) 
Idypothalamic stiinuhition, rahbif, 194 
Hysterectomy, etfect on corpena lutcat r.ibi)U, 
2ui; i3dined ground squirrel, 23:3 
— , cdeci on cycle: guinea pig, 302; goblcn 
hamster, 234 

ilybrids, and gestation length, 2H 
, and hermaphroditism, h 
— 5 and sex ratio, 5 

Identical twins {se^ Twins, identical) 
Implantation, delayed, 28; M«h?a annatlillo, 
187; 9"banded armadilhi, i88j Amerkau 
badger, 147; F.uropean badger, J40; hlael; 
bear, 133; Eiifopeaii brown b:ar, 134; 
ermine, 141; pine marten, 138; stone 
marten, 138; mink, 147: Mustelidae, 133; 
Pinnipedia, 175; Siberian sable, 3 4 ^h; mutli- 
eni fur seal, 175; elephant shrew, 54; stoat:, 
146; Ursidae, 133; weasel, 146; Xenartbra, 
186 

— delayed in lactation, 2%; Cricelidae, 209; 
gerbil, 253; mouse, 259; Miiridae, 2oy; 
rat, 271; common shrew, 65; bank vole, 

245 

Insemination (see Coitus, Artificial insemina- 
tion) 

Intersex (see Hcnnaphrmlitism) 

Interstitial cellx (see Ovary, Tcsiis, Utenin) 

— , stimulating honiionc (see Anterior pitui- 
tary, Ldl.) 

Ketone excretion, cat, 170 

Labia, majora: chimpanzee, 125; gibbon, 124; 
bonnet monkey, 107; crab-eating monkey, 
106 
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rstmgen 3599 horse, 398; 

pig, uhair, r".| 

p! I, lifi; c% 

i\p, :.dtbip ppq rat, 272 
liner i/e, 2^*; , .m] v.shf, jbj; arkar, 377; 
Miilna ajui.iihij-', isy: 404; ayc-a>c, 

tauxuki b.d^'htm sacred bahuon, 

ii8: Ameikau b^ular:, hig brown bat, 
81; hide I'i'own 'hat, ^4; common Euro- 
pean Uiu fu'c-uiied Ixit, 94; gray bat, 
84; greater horse: laoe b.it, 78; long-eared 
hat, yi; Asiatic pnfistrcEc bat, 88; common 
pipistrelle bat, hy: RhtKidbs bat, 84; serotine 
flat, 82; Cnlcurd dirj, 73: Cardhderma cor, 
77: Eiim^»ps c*sii;urni<'!is, 93; Mimoptcrus 
dHSihiiis, h2i M, 83; Myotis 

suhtdiitus, 87: A'oi.p/.'b lep(!unus, 74; 
Nyt^idus nf:cnd.i, 88; NyUris Inteohi, 76; 
Tfiacnops ajer, Kt>; black 'uear, 134; Eimi- 
pean lutuvn bear, j vp beaver, 23 s; big- 
iiorn, 377; luaibieda, .vy; Eurasian buf- 
falo, 399; bush-baby, 97; bactrkm camel, 
32H; cat, idy; marsupial cut, 46; cattle, 
342; chimpanzee, 123; chinchilla, 307; 
chipouink, 2211 dikah 33 H civet, 163; 
coyioie, 157; milk' deer, 332; roe deer, 330; 
Virginia deer, 333; dog, 152; dog raccoon, 



GENERAL INDEX 


429 


157; echkina, 38; African elephant, 3x2; 
Indian elephant, 31 1; elk, 331; ferret, 142; 
fisher, 139; lEing fox, 71; fox, Eng- 
lish red £ux, I do; guur, 356; gerbii, 253; 
gibbon, 124; girafl'e, 3318; goat, 379; pocket 
gopher, 227; ground hog, 217; guinea pig, 
298; golden hamster, 233; common hare, 
192; snowshoe hare, 191; hedgehog, 57; 
hippopotamus, 315; hearse, 395; spotted 
hyena, 166; rat kangaroo, 50; langur, 122; 
flying lemur, dS; lion, 17 1; man, 128; 
marmoset, ion; pine marten, 137; Euro- 
pean pine marten, 139; stone marten, 138; 
Maries catmna, 138; mink, 147; European 
mole, 61; hairy-tailed mole, 60; grivet 
monkey, 105; rhesus monkey, 109; mouse, 
259; deer numsc, 23 S; desert mouse, 237; 
American field mouse, 247; European field 
mouse, 24/); harvest mouse, 239; jumping 
mouse, 2Qa; Peromysats valifarniciiS, 236; 
P. truei, 239; Persian house mouse, 257; 
pouched mouse, 45; rccl-backcd mouse, 
245; while-footed mouse, 236; wood 
mouse, 237; muskrat, 249; nutria, 309; 
Australian opossum, 48; Virginia opossum, 
41; Canada otter, 137; peccary, 3 id; pig, 
318; platypus, 37; porcupine, 294; yellow- 
Jiaired porcupine, 294; prairie dog, 215; 
pronghorn, 339; rabbit, 195; eastern cot- 
tontail rabbit, 205; raccoon, 136; rat, 270; 
cotton rat, 240; rice rat, 236; reindeer, 
334; Siberian sable, 140; sambar, 332; 
nordiern fur seal, 175; harbor seal, 177; 
Weddell’s seal, 177; sheep, 363; elephant 
shrew, 54; mole shrew, 63; skunk, 140; 
flying squirrel, 216; fox squirrel, 220; gray 
squirrel, 219; Columbian ground squirrel, 
211; 1 3 -lined ground squirrel, 212; Amer- 
ican red squirrel, 219; spring-tailed squir- 
rel, 210; bank vole, 246; wapiti, 331; True’s 
beaked whale, 182; blue whale, 183; bot- 
tlenosc whale, i8x; humpbacked whale, 
183; sperm whale, 181 
— , and age; arkar, 377; fox, 158; goat, 379; 
wood mouse, 237; pig, 318; rat, 270; rice 
rat, 236; sheep, 364, 365 
— , and age of ovum: rabbit, 195; rat, 270 
— and breed: cattle, 342; dog, 152; goat, 
380; horse, 395; P^S> 3i8; rabbit, 195; rat, 
270; sheep, 364, 365 


— , and climate, pig, 318 
■ — , and lactation, mouse, 259 
— , and litter sequence: mouse, 259; pig, 318; 
rat, 270 

'-™, and season: guinea pig, 298; common 
Iiare, 192; mouse, 259; muskrat, 249; rat, 
270; sheep, 364; common shrew, 65; gray 
squirrel, 219; bank vole, 246 
— , and time of mating: fox, 158; guinea pig, 
298; rat, 270 

— , and time of mating in season, fox, 58 
— , and uterine accommodation, rat, 270 
■ — , and weight of mother, cat, 167 
Luteinizing hormone (see Anterior pituitary, 
L.H.) 

Lymphatics of follicle, pig, 321 

Macula pellucida, rabbit, 196 
Male accessory organs, 31 {see also Accessory 
organs) 

— , attracting stimulus, sheep, 363 

Maternal behavior, rat, 278 

Mcnarche, 10; man, 127 

Menopause, 12; European brown bear, 134; 

man, 128; nutria, 309; rat, 271 
Menstrual cycle length (see Cycle length) 
Menstruation, 21; ,Cliacma baboon, 120; 
Dogucra baboon, 117; sacred baboon, 118; 
Azara’s capuchin, 103; chimpanzee, 134; 
langur, 122; man, 127, 13 1; crab-eating 
monkey, 106; howler monkey, 10 1; pig- 
tailed monkey, 107; rhesus monkey, no; 
toque monkey, 116 

— , and anovulatory cycles: langur, 122; man, 
127; rhesus monkey, no 
— , duration: Barbary ape, ir6; Chacma ba- 
boon, 120; chimpanzee, 125; gibbon, 124; 
langur, 122; man, 127; crab-eating mon- 
key, 105; rhesus monkey, 109; spider mon- 
key, 10 1 ; toque monkey, 116 
— , and estrogen injections: brown capuchin, 
103; white-fronted capuchin, 102; man, 
131; sooty mangabey, 104; crab-eating 
monkey, 106; grivet monkey, 105; rhesus 
monkey, 113 

— , extent of denudation; Chacma baboon, 
121; crab-eating monkey, 106 
— and progesterone injections, Chacma ba- 
boon, 1 21 

Metatarsal glands, mule deer, 332 
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Metestrum, 20 

length, cotton rat, 240 
Milk, uterine {see Uterine jnilk) 

M(>nc5.trnus species, 24 
Mono/ygnus twins (see Polycnibryony, 
Identical twins) 

Mucification o£ vaginal epithelium; Miniaff- 
urns minor ^ 83; mouse, 261 
Mucus in vagina; ass, 404; cattle, 347, 349^ 
horse, 397* 398; sheep, 368, 370 
Multiple births; cattle, 342; man, 328; sheep, 

364 

Muscle (see Dartos muscle, Oviduct conO'ac- 
lions, Uterine muscle) 

Myometriuin Uterine muscle) 

Nasal mucosa and pseudopregnancy, rat, 268 
Neck glands, hactrian camel, 328 
Nervous system ami reproduction, 3, 16, 17 
Newborn, genital crisis, 9; cat, 9, 169; guinea 
pig, 9; man, 9 

Nipidc swelling in heat, dog raccoon, 137 
Nutrition, and puberty: hurasian bulfalo, 
3 58; guinea pig, 296 

— , and reproduction, 14; 13-Uiiai ground 
squirrel, 212 

Oestrus and derived words {sec Estrus, etc.) 
Os penis {.r« Baculuin) 

Os uteri, horse, 397 
— , absent, European mole, 61 
Ova, internal migration: wild cat, 172; pig, 
323,* rat, 270; mole shrew, 64 
— loss: mouse, 259; pig, 318; elephant 
shrew, 54 

— , neogenesis: cat, 168; mouse, 259 j rabbit, 
193; sheep, 367; 13-lincd ground squirrel, 
212 

— , number in ovary, rat, 272 
— , number shed: big brown bat, 81; gray 
bat, 84; greater horseshoe hat, 78; Uyotis 
sodaiiSf 87; Pipistrellus suhfiavuSf ptq cat, 
167J marsupial cat, 46; wild cat, 372; 
echidna, 38; ermine, X41; horse, 395; 
spotted hyena, 166; rat kangaroo, 50; 
mouse, 259; American held mouse* 248; 
Virginia opossum, 41; platypus, 37; ele- 
phant shrew, 54; gray squirrel, 218 
— t passage tlirough oviduct: platypus, 371 
elephant slircw, 54 


— , thfjsuch fwirluct hastened by 

pi’f jg: stej one, 3 abi’-it, r t 

— , imlynucka?; ; Virginia opos- 

hunn 41 

— , rate ut fruvr! In tniduct, 2tq cat, 367; 
cattle, 342: dfjg, ini: rclndna, 38; horse, 
394; ijunae, 25*7; \’irgi?5ia opossum, 41; 
pig, 317: rabbit, 395; lat, 270; cotton rat, 
240; sheep, 3fi3: ckolran: shrew, 54 
— , tube Irjcking by estrogens: mouse, 262; 
rabljit, 201 

tube lucking by tLT 4 uMe:>*nr, mouse, 262 
Ovarian car:sule (sec Car'F.dr, ovarian) 

— regcneratGn. nvmiv, tflo 
— • tissue* accessory, Virginia «si;u£sum, 41 
Ovariectomy, and Isudy growth, 33 
— , anil rncm-truatiun, ihesus monkey, in 
— , and pregnancy. 25: vlug. IS5; guinea pig, 
302: goldm har.rtcr, a-;.;: horse, 399; 
rJK’^nv niuftkry, iic: lat, gbt); sheep, 370; 
13-hned gnutnd sqnijrtb 213 
Ovary; gss, 4114: big blown bat, 82: little 
lm»wn hat, H*:; gray bar, >4: Myoiis sodulis, 
By; Nyaeris iufeeb, 76: IHpissrellus suh- 
jlavuSf I'tiaeiUnps afer, Hn; cat, 167; 
caille, 34$: dog, 1^52; ferret, 142; guinea 
pig, gpN; C^Juiusc lumjstrr, 232; gtdden 
hamsur, bicdprimg, horse, 39^1; 
Kurupcan nude, 02; bonnet memkey* 108: 
howler miuikey, rhesus monkey, 109; 
spider monkey* 10 1; moir-e, 259; Virginia 
opossum, 41; pig, 32u; rabbit, 195; rat, 
271; sheep* 366; elephant shrew, 54; gray 
squirrel* 218: 13-Hned ground squirrel* 
212 

— , in anestrum* sheep, 366 
— i compensatory livpertrophy: cat, 169; 
mouse* 259; Virginia opossum, 41; rat, 
270 

— , dcvcloprncfU; horse, 39b; rabbit, 195 
— , fetal* estrogen content, horse* 400 
' — * feral, progesterone conrent, horse, 400 
' — , funcibnah akcinaudy northern fur seal, 

m 

ftmctimml, alternately, northern fur seal, 
83; platypus, 37 

— , funetkmal j)t*rcentage i>f ovuhitbn fnnn 
each: big brown bar, 81 ; little brown bat, 
85; common Eurtjpean bat, 871 cattle, 341; 
guinea pig, 297; horse, 394; rhesus mon- 
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key, 109; 317; rabbit, 194; rut, 270; 

sheep, 363 

— , functional, right: free-tailed but, 94; 
greater lifjrscshoe bat, 77; Mmwptems 
schreibseri, 83 

— , hypertrophy witfi season, 13 -lined ground 
squirrel, 212 

— , interstitial tissue: Miniopterus natalensist 
83,* pocket gopher, 227; gnmnd hog, 217; 
horse, 400; European mok, 62; bonnet 
monkey, 108; howler monkey, 10 r; gray 
squirrel, 218 

' — , regeneration, mouse, 260 
— , weight: horse, 396; blue whale, 184 
Oviduct: Chacma baboon, 121:; little brown 
bat, 86; Eumops caUjarnicus, 93; Nycteris 
liiteohis 76; Triaenops afer, 80; cat, 169; 
cattle, 348; dog, 153; echidna, 38; pocket 
gopher, 227; guinea pig, 301; Chinese 
hamster, 232; golden hamster, 234; hedge- 
hog, 58; horse, 398; man, 129; shrew 
mok, 64; howler monkey, loi; rhesus 
monkey, 111; mouse, 260; Virginia opos- 
sum, 42; peccary, 316; pig, 322; rabbit, 
197; rat, 273; sheep, 369; common 
shrew, 65; elephant shrew, 54; gray squir- 
rel, 219; 13-rmed ground squirrel, 213 
— ampulla, horse, 39B 
— , contractions: rnai3, 129; rhesus monkey, 
1 12; pig, 323 

— , and estrogens, 19; rhesus monkey, 113; 
mouse, 262 

— , life of sperm {see Spermatozoa, life) 
Ovogenesis {see Ova, neogenesis) 

Ovulation: cattle, 341; platypus, 37; rabbit, 
196; rat, 272; sheep, 366; elephant shrew, 
54 

— , cause of end of heat: horse, 393; sheep, 

363 

— , by copper and cadmium salts, rabbit, 194 
— , delayed, marsupial car, 45 
— and electrical stimulation, rabbit, 193 
— , fossa: ass, 404; horse, 396 
— , induced, 15; cat, 167; Felidae, 133; fer- 
ret, 142; mink, 147; Mustehdae, 133; rab- 
bit, 193; mok shrew, 63; 13-lmed ground 
squirrel, 21 1 

— ^ induced, nervous stimulus, rabbit, 193 
— , induced, and picrotoxin, rabbit, 194 
— j several matings to induce^ mok shrew, 63 
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spontaneous, 16; catde, 341; Cricetidae, 
210; dog, 151; ermine, 141; fox, 157; 
guinea pig, 296; Chinese hamster, 232; 
hedgehog, 57; horse, 396; rat kangaroo, 
50; rhesus monkey, 109; mouse, 258; 
Muridae, 210; Virginia opossum, 41; pig, 
326; rat, 266; multimammatc rat, 257; 
sheep, 360; bank vole, 245 
— , time, 16; ass, 404; little brown bat, 85; 
common European bat, 86; free-tailed bat, 
94; greater horseshoe bat, 77; common 
pipistrelle bat, 89; Glossopkaga soricina, 
74; Mimopterus schreibseri, 83; Pipistrelles 
subjluvus, go; Azara’s capuchin, 103; catde, 
341; chimpanzee, 125; dog, 15 1; ferret, 
142; fox, 157; guinea pig, 297; Chinese 
hamster, 232; golden hamster, 233; horse, 
393; man, 127; mink, 147; rhesus monkey, 
109; mouse, 258; pig, 317; rabbit, 192; 
rat, 269; cotton rat, 24a; sheep, 362; mole 
shrew, 63; I3-Iincd ground squirrel, 212 
— , time of day, cattle, 341 
Ovum, coating: echidna, 38; platypus, 37 
— , growth, 18; mouse, 259 
— implantation, 31 
— i incubation, echidna, 39 
— length of fertility: cattle, 342; dog, 15 1; 
ferret, 142; guinea pig, 297; rabbit, 194; 
rat, 270; sheep, 363 

— size: little brown bat, 85; gray bat, 84; 
greater horseshoe bat, 78; marsupial cat, 
46; cattle, 352; dog, 153; echidna, 38; fox, 
158; guinea pig, 299; golden hamster, 233; 
hedgehog, 58; horse, 401; mink, 147; 
rhesus monkey, no; mouse, 260; platypus, 
37; prairie dog, 215; rabbit, 197; rat, 275; 
sheep, 367; common shrew, 65; mole 
shrew, 64; bank vole, 2461 water vole, 245 


Parthenogenesis, guinea pig, 299 
Parturition, 27 {see also Birth) 

— , delayed by progesterone: rabbit, 201; rat, 

279 

Pectoral glands, mole shrew, 64 
Pelvic girdle and relaxin, guinea pig, 304 
— ligament; bonnet monkey, 108; rhesus 
monkey, 112 

Penis, and castration, cat, 170 
— ^ devclopmcnf: ferret, snowslio^ 
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Penis, (levclnnaient (/onisnuetl) 
hare, 191; European mnk\ 62; 

178; mole shrew, 64 

— , structure. 32; Cmimfcrma a>r, 77; Hip-' 
pos'idrros raffcr, 70; Minwptcrus jui:.i!rn- 
shf 83; Nyetcris hispiihi, 77; jV. 

76; Trkenops afer, 80; ground Iku’:. 217: 
spider monkey, 102; sheep, 372; mole 
shrew, 64; %ing squirrel, 216; 
ground squirrel, 215; spring-iailed squir> 
rel, 210 

■ — , and testosterone injections, langur, 122 
Perineal glands, female, spotted hyena, u-*‘ 
— pouch, hedgehog, 59 
Physiological estrus, horse, 3^4 
Picrotoxin and ovulation, rabbit, 104 
Pigment in ovaries, hedgehog, 57 
— f in round Ugament: gray bat, 84; 
sodalis, 87 

— , in testis: comnum European hat, 87; O'nn- 
mon pipistrelle hat, 90; serotine baU Kt; 
ground hog, 217; marmot, aib; nn>lr, be, 
— , in. uterus: dog, 154; hctlgehog, 57; ‘.fieen, 
3^9 

Pituitary (sfe Anterior pituitary) 

Placenta, and corpus lutcum Cunction, rar, 
277 

* — , and estrogens, 27 
— , persistence, t>cean dolphin, 179 
Phiccntal sign: mouse, 261; rhesus monkey, 
H2; cotton rat, 240 
Plug, copulation {see Copulation plug) 

— , vaginal (see Vaginal plug) 

Polar bodies, extrusion, iBj cat, 167; dog, 
151; echidna, 38; fox, 158; mouse, 25S; 
rat, 272; sheep, 367; mole shrew, 63 
Polj’embryony, 26; Mulita armathllo, 187; 9- 
banded armadillo, 188; Xenartbra, 186 
Polyestrous, 20 
Postestrum, 20 

Pouch: marsupial cat, 46; echidna, 38; Aus* 
rralian opossum, 495 pnticlied mouse, 45 
— f hormones and development, Australian 
opossum, 49 
Pregnancy, 25 

— , cells of pituitary: guinea pig, 302? mouse, 
261; rat, 281 

— diagnosis (see Gonadotrophes, excretion 
in pregnancy) 

— i duration {see Gestation, duration) 


urinr gonad- -tr :p!if , n 
' iumr mu h-.^: \ .gtj; mou'^e, 2f>2, 
2^4: MirrtJltis :-?»rf.u^Crrd 247; rabbit, t9()‘ 
ml. i-uhpfd cri-urc! M]uirrcl, 214 
iurpnarrluil il 
— . murg jyn 

Prc-giumt nunc .'uiurn, 12 
” iUtfU'. -pn ; guinea pig, 303; 
ho3‘tu rlu‘-u, m.igkry, ,114; mouse, 
2'c: 247; Virginia 

oj n, ami. 42: rat, Kv-lisied ground 

squiirel- 214 

Preiuiu.! guTw:h: ca:!!r\ guinea pigu 304; 

.nuMi'-e, 2t 3: pig. 323: raf. 282; dieep, 372 
Preorbatai ln.!:an dughant, 311 

IbrpiKe. rat. 2> 3 

rjvputial gl.uv^s A;m’iivjn tlekl mouse, 24S 
rrMOgne,]'-. bu'erhtiy. 23: c-vyote, 156; dog, 
J4I, l>"3 

■ % aS'-{ n*, 1 3^ 

Ibocstriim, Z'i 

, iluratugi: uy.jtf, ro: .u>g, 141; fmet, 

142; guuuM mg, .»U7; rhineva hamster, 
232: rat, 27 c’ltutu r.u. 240: skunk, 140 
Pr«!gr\tati«mal phase of cy^Je, 21 
IVogr steoute, H. l 'b tUU 23, 27 (see 
air-s ciMipus luumii? 

, anu^ura be implanrarinn, rahlut. 201 

- and afUf-rhu' pituit.gy, uu, 27H 

— > exiuetirm, 1 3 

— . level in bloiAl, rlu'-us r.'j-’»nkrv, 112 
"■™, and maintenance of piegnancy: golden 
hamster, 234: r3'lincd ground squirrel, 

213 

— , requirement: catdc, 331: dog, 155; guinea 
pig, 303; rliesu? monkey, 113; mouse, 262; 
rabbit, 200, 2?-i; rat. 270 
— and vaginal cliangfs: mouse, 261*, rat, 
278 

witlulrawal tlieury, 22 
Prolauin (see AnUTjor pimiiary) 

"‘■“•j effect on cyclr length, mouse, 2fi2 
, level and estrogenS;, rat, 278 
% and life oC coipus luteuni, 18 
Pfokm (see Pregnancy urine) 

Prostate glami, 31; common European bat, 
87; Miniapterm nutalenSJS, 83*, Nycteris 
luieoJUf 76' j cat, 170; chipmunk, 221; Vir- 
ginia deer, 333; fox, 159; guinea pig, 3055 
European mole, 62; American field mouse, 
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248; fiying squirrd, 21^’j; guy squim-f, 
219; cuiniiiMii shrew, 65; weasel, 146 
— , car.tratitnu 155 

— , seeretion, Ctanpr/sition, nuU!, 131 
— , secretion, pH: isian, 13 it rat, 28-; 

— , secretion, vt^liinse: dog, 255; pig, 324 
— , size, pig, 324 

Pseud(»herinaphroditism, 6; goal, 379; mule 
deer, 332 

inheritance, goat, 379 

Psciulopregnuncy, 16; Canidue, 133; cal, 167; 
Hiarsupial cat, 46; Crkctkhie, 209 j dog, 
1515 Cerret, 142: fox, 158; gulden hamster, 
233; hedgehog, 58; rat kangaroo, 50; mink, 
147; mouse, 258; Muridae, 209; nutria, 
309,' rabbit, 194; rat, 268; mole shrew, 64 
‘ — , hormone levels, rat, 267 
- — , and hysterectomy, rabbit, 201 
— , prolonged by lactation, mouse, 258 
Puberty, 9 

< — , age at, 10; ass, 404; Chacina baboon, 
1 19; little brown but, 86; free-tailed bat, 
94; gray bat, 85; greater horseshoe bat, 78; 
common pipistrelle bat, 89; black bear, 
134; European brown bear, 134; beaver, 
231; bighorn, 377; Eurasian buiTalo, 358; 
bush-baby, 97; Carnivora, lo; cat, 166; 
wild cat, 172; cattle, 345; chimpanzee, 
124; chipmunk, 221; coyote, 156; mule 
deer, 332; dog, 151; Indian elephant, 31 1; 
ermine, 141; fisher, 139; fox, 157; gibbon, 
124; goat, 379; guinea pig, 296; golden 
hamster, 233; snowshoe hare, 191; hedge- 
hog, 57; horse, 396; spotted hyena, 166; 
man, 127; Maries catirina, 138; hairy- 
tailed mole, 61; pig-tailed monkey, 107; 
rhesus monkey, 108; toque monkey, 116; 
mouse, 258; deer mouse, 238; American 
field mouse, 247; European field mouse, 
246; desert peromyscus, 237; Perompeus 
truci^ 239; Persian house mouse, 257; 
white-footed mouse, 236; wood mouse, 
237; muskrat, 249; Australian opossum, 
48; Canada otter, 137; platypus, 37; prairie 
dog, 215; Primates, 9; rabbit, 193; eastern 
cottontail rabbit, 205; raccoon, 135; rat, 
267; cotton rat, 240; multimammate rat, 
257; rice rat, 235; reindeer, 334; lesser 
rorqual, 182; Siberian sable, 140; Green- 
land seal, 177; harbor seal, 178; Weddell’s 


seal, 177; sheep, 361; common shrew, 65; 
lesser shrew, 66; mole shrew, 64; gray 
squirrel, 21 S; European red squirrel, 221; 
hank vole, 245; water vole, 244; weasel, 
146; blue whale, 183; sperm whale, iSi; 

y‘ik, 356 

— and anterior pituitary, 9 
— , and body length, 10; rat, 267 
— , and breed I rabbit, 193; rat, 267 
— and litter size, rat, 267 
— , precocious and X-rays, rat, 276 
— , weight ar, 10; living fox, 7i; golden 
hamster, 233; rhesus monkey, 108; mouse, 
258; American field mouse, 247; European 
field mouse, 246; rat, 267; multimammate 
rat, 256 

Pubic symphysis and estrogens, ferret, 144 

Receptivity, sexual, 17, 20 
Relaxin, 13 

— , in blood, rabbit, 198 
— , injection, pocket gopher, 228 
— , and testis grafts, pocket gopher, 228 
— , in urine, rabbit, 198 
Reproductive tract, male, in proportion to 
body weight, hedgehog, 59 
Rete ovarii, cysts, guinea pig, 299 
Ridgeling {see Cryptorchid) 

Rut, season, 32; free-tailed bat, 94; bighorn, 
377; bactrian camel, 328; marsupial cat, 45; 
cattle, 340; chital, 331; mule deer, 332; 
Virginia deer, 333; hedgehog, 59; spotted 
hyena, 166; multimammate rat, 256; rein- 
deer, 334; sambar, 332; sheep, 360; gray 
squirrel, 219; European red squirrel, 221; 
hank vole, 246; wapiti, 33 x 

Scent glands: civet, 163; platypus, 37; mole 
shrew, 64 

Scrotal pouches in female, spotted hyena, 166 
Scrotum: Eurasian buffalo, 358; American 
field mouse, 248 

— , absence: Triaenops afer, 80; Indian ele- 
phant, 31 1 

— , color: drill, 119; rat, 283 
— ^ thermo-regulatory system, sheep, 372 
Seasonal reproduction, 13, 20 
Secondary sexual characters: rabbit, 202; rat, 
283 

■ — , and testosterone level, drill, 119 
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Semen, buffering capacity, 31; cattle, 353; 
man, 13 ij sheep, 373 

— , coagulation, 31 {see also Copulation 
plug) 

— , freezing prunt, cattle, 353 
— pEI: cattle, 353; dog, 155; fox, 159; horse, 
401; man, 231; pig, 324; rabbit, 202; 
sheep, 373 

— , sperm content; ass, 405; cattle, 353; fox, 

1 591 goat, 381; horse, 401; man, 13 1; pig, 
324; rabbit, 202; sheep, 373 
— volume: ass, 405; cattle, 333; dog, 155; 
fox, 259; goat, 381; guinea pig, 304; horse, 
401; man, 131; pig, 324; rabbit, 202; sheep, 
373 

— , volume and season, cattle, 353 
Seminal vesicles (sec Vcsiculae seminales) 
Seminiferous tubules, Virginia opossum, 43 
Sex, cords, 5, 6 
— , determination, 4 
— , differentiation, 5 

— , ratio, 4; little brown bat, 83 j beaver, 
232; cattle, 343; 1521 3791 

guinea pig, 298; golden hamster, 233; 
horse, 395; man, 12B; mouse, 259; field 
mouse, 246; muskrat, 249; pig, 320; rab- 
bit, 195; rat, 271; Greenland seal, 177; 
sheep, 364; zebu, 357 
— , ratio and breed, rat, 271 
— , ratio, fetal: cattle, 343; guinea pig, 298; 

pig, 320; sheep, 364 
— , ratio, hybrids, 5 
— ratio, primary, 4 
— ratio, twins: cattle, 343; sheep, 364 
— , reversal, 6 

Sexual bivalcnce of soma, 7 

— excitement, cause of ovulation, ferret, X44 

— maturity, 10 j pig, 10; rabbit, 10; sheep, 10 

— receptivity, 20; chimpanzee, 125 

— receptivity and gonudic hormones: mouse, 
262; rat, 279 

— skin, 22; Barbary ape, 116; sacred baboon, 
1 18; chimpanzee, 124, 125; giblxm, 124? 
s(X)ty mangabey, 104; lionnet monkey, 
107; crab-eating monkey, 105; rhesus 
monkey, iiij toque monkey, 116 

— skin, male; sacred baboon, iiS; langur, 
122; rhesus monkey, 114 

skin, male, and testosterone level; sacred 
baboon, ii8j drill, 119 


skin in newlwn, rhc'-us monkey, iii 

— skin, response to estrogens: Barbary ape, 
117; bonnet .monkey, mS; pig-tailed 
monkey, 107; rhesus imjiikey, 112 

— skin swelling: Chacma baboon, 120; 
chimpanzee, 125; gibbon, 124; sooty man- 
gabey, 104; bonnet monkey, 107; pig-tailed 
monkey, S07 

— skin swelling and estrogens: Chacma ba- 
boon, I2it sacred babacn, 118; chimpan- 
zee, 126; crab-eating monkey, 106 

— skin swelling ant! i^rogesterone, Chacma 
haboon, 121 

Side gland, male, rnole shic^v, 63 
Soma (sec Sexual bivalence) 

Spermatogenesis, time: bats, 4; big brown 
bat, 80; little brown bat, 8d; common Eu- 
ropean hat, 87; frcc-taik'ii bat, 94; gray bat, 
84: greater horseshoe bat, 7.8; lesser horse- 
shoe !\it, 78; long-eared bat, 90; Asiatic 
pipistrelle bat, bH; common pipistrelle bat, 
89; scroti ne lut, 81; Mhutipserm sv/ireib* 
serif 83; Myo**fS eapaedni, 84; chipmunk, 
221; coyote, T56; roe derr. 330 j Virginia 
deer, 333 1 ennine, ^41; fciret, I45; flying 
fox, 71; fox, 159; hedgehog, 59; ground 
hf»g, 217; Kurnprim mole, b2; field mouse, 
247; muskrat, 249; lesser rorqual, 282; har- 
k^r seal, 2781 sheep, 372; common shrew, 
1)5*5 mtjlc shrew, 64; American red squirrel, 
2ifq bank vole, 246; weasel, 146; sperm 
whale, 182 

Spermatozoa, fertile life in female tract; 
catdc, 352; dog, 155; guinea pig, 304; 
man, 232; rat, 283; sheep, 373 
— , fertile life in male tract: cattle, 352; 
guinea pig, 304; horse, 40 s; mouse, 263; 
rat, 283 

— , first appearance; cattle, 3525 guinea pig, 
304; pig, 323; rat, 2B2; sheep, 372 
— , in follicles, mole sinew, 64 
, length of life, 29 
, life in bats, 29 

— , life in cervix, 29; cattle, 352; man, 232; 
sheep, 373 

— , life in oviducts, 29; marsupial cat, 47 j 
mouse, 2631 rat, 2835 sheep, 373 
— life in uterus, 29; horse, 40 x; rat, 283 
— , life in vagina, 29; horse, 401; man, 132 j 
rat, 283; sheep, 373 
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, life in vulva, sJieepj 37.^ 

— j mode f»f truvel, 3^^ cattle, rat, 282 

— , number and testis weighr, rabbit 2ri2 
, rate o£ linear nn^tbrn: Iwr^c, ^ui; fehcep, 
373 

— , rate of travel tbraugh rpitiiclymis: guinea 
pig, 304; man, 132; rabbit, 202; diecp, 372 
rate o! travel in female; cattle, 352; dog, 
155; fox, 159; mcmbc, 2^3; rabbit, 195; rat, 
283 

— , size; Indian elephant, 31 1; fox, 359; pig, 
324; sperm whale, iBi 
— , storage, 31; bats, 31, 705 rat, 304; sheep, 
37-2 

— , storage in epididymis; little bnm'H bat, 
86; gray hat, 85; Asiatic pipistrelle bat, 88; 
common pipistrelle bat, 89; serotine bat, 
81; Minmpterus schrcirntri, 83; 'hfyotis 
capacdm, 84 

— , storage in uterus; big Ijrown bat. So; 
little brown bat, 86; common European 
bat, 87; gray bat, 84; greater horseshoe bat, 
77; long*earcd bat, 91; common pipistrelle 
bat, 89; Pipistrellus suhjhwttSf 90; Myotis 
sodaliSf 87 

— storage in vagina: greater horseslioe bat, 
77; Asiatic pipistrelle bat, HH 
—j travel through cpidklymis, 33 
— , in urine: IjancUcoot, 47; rat kangaroo, 51; 

Australian opossum, 49 
Sterilization {see X-ray sterilization) 
Stillbirth: cattle, 343; pig, 318; sheep, 364 
Summer reduction in breeding; deer mouse, 
238; harvest mouse, 239; wood mouse, 237 
Supcrovulation: rabbit, 199; rat, 280; sheep, 
37^ 

Sympathectomy and reproduction, rat, 268 
Symphysis pubis (see Relaxin) 

Tarsal glands, mule deer, 332 
Temperature, and androgen secretion by 
ovaries, mouse, 263 

— , an<l reproduction; little brown bat, 855 
serotine bat, 82; Myotis sodalis, 87; hedge* 
59* 127; mouse, 258; American 

field mouse, 247; nutria, 309; rabbit, 193; 
13-Uned ground squirrel, 212 
Testes, abdominal and spermatogenesis, rat, 
283 

, descent: howler monkey, 102; spider 


monkey, 10 1; eastern cottontail rabbit, 205; 
cotton rat, 240; Hying squirrel, 216; Cali- 
fornian ground squirrel, 211; weasel, 146 
— , internal, elephant shrew, 54 

, time of decrease in size: common pipis- 
trelle bat, 89; Mtnhpterus sekreibseri, 83; 
chipmunk, 221; roe deer, 330; Virginia 
deer, 333; ermine, 141; ferret, 145; flying 
fox, 71; fox, 159; snowshoe hare, 191; 
marmot, 216; hairy-tailed mole, 6x; prairie 
dog, 215; eastern cottontail rabbit, 205; 
mole shrew, 64; Californian ground squir- 
rel, 21 1; 13 -lined ground squirrel, 214; 
gray squirrel, 219; American red squirrel, 
220 

— , time of enlargement: serotine bat, 81; 
Mlniopterus ausiralis, 82; roe deer, 330; 
Virginia deer, 333; ermine, 141; ferret, 
145; Hying fox, 71; snowshoe hare, 191; 
marmot, 216; European mole, 62; hairy- 
tailed mole, 61; star-nosed mole, 60; east- 
ern cottontail rabbit, 205; raccoon, 136; 
wood rat, 235; Siberian sable, 140; mole 
shrew, 64; Californian ground squirrel, 
21 1 ; American red squirrel, 220 
— , time of functioning: marmot, 216; Eu- 
ropean mole, 62; Virginia opossum, 43; 
eastern cottontail rabbit, 205; 13 -lined 
ground squirrel, 214 

Testis, growth and light, snowshoe hare, 191 
— growth rate; cattle, 352; guinea pig, 304; 

platypus, 37 
' — , hormones, 13 
— , hypertrophy, guinea pig, '304 
— , and hypophysectomy: ferret, 145; guinea 

pk> 305 

— interstitial cells, 13; little brown bat, 86; 
common European bat, 87; gray bat, 85; 
lesser horseshoe bat, 78; iong-eared bat, 91; 
pipistrelle bat, 89, 90; serotine bat, 81 j 
Mmiopterus schreibsen, 83; Myotis capac- 
dni, 84; Virginia deer, 333; ferret, 145; 
flying fox, 71; ground hog, 217; hedgehog, 
59; marmot, 216; European mole, 62; 
mouse, 264; gray squirrel, 219; weasel, 
146 

— and progesterone injections, Australian 
opossum, 49 

— secretion, composition; cattle, 353; sheep, 
373 » 374 
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Tcsd^, vsecrction, pH, rat, 283 
— , secrftion, volume, 324 
— , size: Indian elephant, 31 1; pig, 323 
weight: eastern coftonuil rabbit, 2ru>: tly« 
ing squirrel, 216; bank vole, 24f); sperm 
whale, iKx 
Testosterone, 13 
— , effect on embryos, rat, 281 
— , injection in males; cat, 1740, iaiigor, 122; 

rhesus monkey, 114; rabbit, 202 
— , rate of secretion, rat, 2H4 
— , requirement: guinea pig, 305; mouse, 264; 
rat, 2S4 

— , site of production, 32 
Theca, externa; marsupLi! cat, 46; cattle, 345; 
mouse, 252; pig, 320; platypus, 37; 13*- 
lined ground squirrel, 212 
— , interna; little brown bat, 85; cat, 167; 
marsupial cat, qd; cattle, 343; dog, i'^2; 
pocket gopher, 227; guinea pig, 208; 
golden hamster, 233*, bonnet monkey, 108; 
howler monkey, 100; rhesus monkey, ioq; 
mouse, 259; pig, 324; rabbit, 196; rat, 272; 
sheep, 367; elephant shrew, 54; nmlc 
shrew, 63; 13-liiK’d gnaind squirrel, 212 
Throat glands of male, Eamops californkus, 
93 

Thymus; guinea pig, 305; rat, 276 
Tiiyroid ami rcpnsdiiction, rar, 27(1 
Triplets, man, 128 

Tubo-iiterine junction : Bmnops calijornkus, 
93; cat, idp; cattle, 348; chipmunk, 221; 
echidna, 38; guinea pig, 301; man, 129; 
howler monkey, loi; Virginia opossum, 
42; pig, 322; rabbit, 197; rat, 275; sheep, 

369 

— , passage of fluids; cat, 169; cattle, 348; 
guinea pig, 301; man, 129; pig, 322; rab- 
bit, 197; sheep, 369 

Twins, identical; cattle, 342; man, 128; 

mouse, 239; sheep, 364 
— , limited viability, horse, 395 
— , sex ratio, cattle, 343 

Uniovular twins {see Folyembryony, Twdns, 
identical) 

Urethra, American red squirrel, 219 
— , effect of estrogens, 13-lincd ground squir- 
rel, 214 


Urine output in rrlafion t>s cycle, pig-tailed 
monkey, 107 

L'U'rine accMJiiinnd,n*>,n and litter size, iG 

— bleeding (yre Men!' 4 Hj.irioi}, Bleeding, uter- 
ine*; 

— bleeding at civuluiun, 22 

— tIisPuition at heat: rat. cotton rat, 240; 
bank "otfe, 2445; water vole, 243 

— lliiid-S pH: c'Utle, 349; dug. 154: mouse, 
2fsi; rabbit, 202; rat, 277; rheep, 370 
glands, m 

ylamb:, time of rtentiun, cat. ib8 

— milk, echidna, 38 

— lUfttility and cst* opens, cutlc, 350 

— motility and progesterone; cattle, 350; 
guinea pig, 302 

Uterus: Chacma baboun, 121; vicrcd baboon, 
iiS; little blown bat, -^o; Gfassophaga 
sorifhiJ. 74: Mhk.ffcrn.i nkfior, 83: Nyc- 
tens 70; cal, mursupial cat, 

40; Will! cal. r;.":: caUir, ^J7; d«^g, is3; 
frrret, 143*, pocket gopher, 227; guinea pig, 
300; Clunf'W‘ hamster, 232; goiilen ham- 
ster, 2^4; hcflgehog, 38: horse, 397; rat 
kangaroo, 50; flying !rinur, 68; Kuropean 
mole, dr; shicw mole, 94; crab-eating mon- 
key, eod; liiiwfrr monkey, loi; rhesus 
monkey, no; spidet lUonkev, 102; mouse, 
linn iuiropt-an dUd niituve, 247; nutria, 
300; Viiginia 42; peccary, 316; 

pig, 321; prairie dog, 215; rabbit, 197; rat, 
273; cotton rat, 240; slicep, 36S; common 
.shrew*, 65: elephant shrew, 54; lesser shrew, 
C)6; mole shrtnv, 64; gray squirrel, 218; 
13-lined ground squirrel, 213; spectral 
tander, 97 

— , and estrogens, 18: Barliary ape, 117; rhe- 
sus monkey, 1 1: 3 

— , functional, alternately; cattle, 341; rat 
k.'ingamo, 50; northern fur seal, 175 
—N functiuiud, left, platipus, 37 
• functional, right; lirtlr bmwn hat, 85; 
Common Kuropean bat, 87; free-tailed bat, 
94; Miimpierns attstnkis, 82; il/. mtalen- 
sh, 83 

, funedonah percentage, in each horn, com- 
mon pipistrelle bat, 89 
— , interstitial tissue, European mole, 62 
— life of sperm in {see Sperniatozoa, life) 

— mesomctrial glands, Chinese hamster, 233 




